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I. Real Party In Interest 

The real parties in interest are the assignee, the Board of Regents, University of Texas 
System, Austin, TX, and the licensee, Gilead Colorado, Westminster, CO. 

II. Related Appeals and Interferences 

There are no related appeals or interferences. 

III. Status of the Claims 

Claims 1-101 were filed with the original application. Claims 1-58, 60, 63-69 and 71- 
101 have been canceled, and thus claims 59, 61, 62 and 70 are pending, stand rejected, and are 
appealed. A copy of the appealed claims is attached as Appendix A. 

IV. Status of the Amendments 

No amendments have been offered after mailing of the final Office Action. 

V. Summary of the Claimed Subject Matter 

Claim 59 is drawn to a method of modulating muscle cell growth in striated muscle cells 
in a human subject comprising (a) identifying a human subject in need of striated muscle cell 
growth modulation; (b) selecting a small molecule for its ability to modulate Muscle Selective 
Calcineurin Interacting Protein (MCIP1) expression; and (c) administering said small molecule 
to said human subject, whereby administration of said modulator results in modulation of striated 
muscle cell growth in said human subject. The claim is supported in the specification as filed at 
page 6, lines 24 to 27, and page 7, line 2. 
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VI. Ground of Rejection to be Reviewed on Appeal 

A. Is claim 70 indefinite under the second paragraph of § 1 1 2? 

B. Are claims 59, 61 and 70 anticipated § 102(b) over U.S. Patent 4,330,557 ("the 
'557 patent"; Exhibit 1)? 

C. Are claims 59 and 62 anticipated under § 102(b) over U.S. Patent 5,651,980 ("the 
'980 application"; Exhibit 2)1 

D. Are claims 59, 62 and 70 anticipated under § 102(b) over U.S. Patent 5,958,404 
("the '404 patent"; Exhibit 3)? 

VII. Argument 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks whether a 
reasonable fact finder could have arrived at the agency's decision." Id. at 1312. Accordingly, it 
necessarily follows that an examiner's position on appeal must be supported by "substantial 
evidence" within the record in order to be upheld by the Board of Patent Appeals and 
Interferences. 
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B. Rejection Under 35 U.S. C. §112, Second Paragraph 

The examiner has rejected claim 70 under the second paragraph of §112 as being 
indefinite. 1 More specifically, claim 70 is rejected over use of the term "second pharmaceutical 
agent." The examiner argues that it is unclear whether this second agent is the same as or 
different than the small molecule of claim 59. Appellants previously attempted to amend claim 
59 to specify a "first" agent in that claim so as to further point out that the two agents are 
distinct, but entry of this amendment was denied, and appellants remain willing to provide such 
an amendment, or authorize such an examiner's amendment, but even in the absence of such, the 
present claim, phrased in terms of "further comprising administering ... a second pharmaceutical 
agent," is more than clear in differentiating the agents. Reversal of the rejection is therefore 
requested. 

C. Rejections Under 35 U.S. C. §102(b) 
i. U.S. Patent 4,330,557 

Claims 59, 61 and 70 are rejected under 35 U.S.C. § 102(b) over U.S. Patent 4,330,557 
("the '557 patent"; Exhibit 1). Appellants traverse. 

The examiner argues that because certain fatty acids activate calcineurin, and calcineurin 
activates MOP, the '557 patent anticipates the appealed claims. What is missing from this 
analysis, however, is the knowledge that calcineurin regulates MCIP, which can only be found in 
appellants' specification. In order to make the deficiency in the '557 patent more clear, 
appellants have amended the claims to more precisely state that the small molecule is selected on 
the basis of its MCIP-modulating function. The cited reference clearly fails to provide 



' The §112, second paragraph rejection of claim 59, though not stated as withdrawn at page 2 of the final Office 
Action, is not discussed at pages 2-3, and thus is presumed to have been withdrawn. 
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information necessary to accomplish this step (inherent functions of calcineurin 
notwithstanding), and therefore the rejection is improper and its reversal is requested. 

w. U.S. Patent 5,651,980 

Claims 59 and 62 are rejected under 35 U.S.C. § 102(b) over U.S. Patent 5,651,980 ("the 
'980 application"; Exhibit 2). Appellants traverse. 

The examiner argues that because cyclosporin inhibits calcineurin, and calcineurin 
activates MCIP, the '980 patent anticipates the appealed claims. What is missing from this 
analysis, however, is the knowledge that calcineurin regulates MCIP, which can only be found in 
appellants' specification. In order to make the deficiency in the '980 patent more clear, 
appellants have amended the claims to more precisely state that the small molecule is selected on 
the basis of its MCIP -modulating function. The cited reference clearly fails to provide 
information necessary to accomplish this step (inherent functions of calcineurin 
notwithstanding), and therefore the rejection is improper. 

Moreover, the reference fails to teach or suggest the step of "identifying a human subject 
in need of striated muscle cell growth modulation" as the '980 patent deals with patients 
suffering from inflammatory responses in transplant scenarios. Thus, for a second reason, the 
rejection is improper, and therefore its reversal is requested. 

Hi. U.S. Patent 5,958,404 

Claims 59, 62 and 70 are rejected under 35 U.S.C. § 102(b) over U.S. Patent 5,958,404 
("the '404 patent"; Exhibit 3). Appellants traverse. 

The examiner argues that because cyclosporin inhibits calcineurin, and calcineurin 
activates MCIP, the '404 patent anticipates the appealed claims. What is missing from this 
analysis, however, is the knowledge that calcineurin regulates MCIP, which can only be found in 
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applicants' specification. In order to make the deficiency in the '404 patent more clear, 
applicants have amended the claims to more precisely state that the small molecule is selected on 
the basis of its MCIP-modulating function. The cited reference clearly fails to provide 
information necessary to accomplish this step (inherent functions of calcineurin 
notwithstanding), and therefore the rejection is improper. 

Moreover, the reference fails to teach or suggest the step of "identifying a human subject 
in need of striated muscle cell growth modulation" as the '404 patent deals with patients 
suffering from inflammatory responses in transplant scenarios. Thus, for a second reason, the 
rejection is improper, and therefore its reversal is requested. 

D. Conclusion 

In light of the foregoing, appellant respectfully submits that all pending claims definite, 
novel and non-obvious. Therefore, it is respectfully requested that the Board reverse each of the 
pending rejections. 



Date: May 6, 2008 



Steven D. Highlander 
RegYNoJ 37,642 



Respectfully submitted, 




Fulbright & Jaworski L.L.P. 
600 Congress Ave., Suite 2400 
Austin TX 78701 
512-474-5201 
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VIII. APPENDIX A - APPEALED CLAIMS 



59. A method of modulating muscle cell growth in striated muscle cells in a human subject 
comprising: 

(a) identifying a human subject in need of striated muscle cell growth modulation; 

(b) selecting a small molecule for its ability to modulate Muscle Selective 
Calcineurin Interacting Protein (MCIP1) expression; and 

(c) administering said small molecule to said human subject, 

whereby administration of said modulator results in modulation of striated muscle cell 
growth in said human subject. 

61 . The method of claim 59, wherein said small molecule is an agonist of muscle cell growth. 

62. The method of claim 59, wherein said small molecule is an antagonist of muscle cell 
growth. 

70. The method of claim 59, further comprising administering to said human subject a second 
pharmaceutical agent used to treat cardiac disease. 
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APPENDIX B - EVIDENCE CITED 

Exhibit 1 - U.S. Patent 4,330,557 
Exhibit 2 - U.S. Patent 5,651,980 
Exhibit 3 - U.S. Patent 5,958,404 



X. APPENDIX C - RELATED PROCEEDINGS 

None 
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[57] ABSTRACT 

A composition for total or supplemental parenteral 
nutrition of patients in need thereof for the treatment of 
shock and trauma is disclosed. The composition com- 
prises a therapeutically effective amount of triglycer- 
ides and an amount of an acyl-carnitine, typically acet- 
yl-carnitine, or a pharmaceutically acceptable salt 
thereof sufficient to increase free fatty acid oxidation. 

14 Claims, No Drawings 



deprived of an energy substrate of the utmost impor- 
tance and muscular proteolysis is thereby enhanced 
with attendant loss of branched-chain aminoacids 
which are utilized by the muscular tissues for energy 
purposes. This impaired free fatty acid utilization causes 
the blockage of several enzyme systems of the mito- 
chondrial walls and the onset of cardiac rhythm disturb- 
ances. 

More recently, administration of triglycerides to pa- 
tients affected by conditions of shock and trauma has 
become a problem of major concern and after extensive 
experimentation and researches lipid packs in the form 
of an intravenous emulsion of fats and oils have been 
developed and become commercially available. As an 
instance of useful lipid pack, Intralipid (marketed by 



(CH 3 )3=N-CH 2 -CH-CH 2 — COO- W 
OR 

wherein R represents acetyl, propionyl, butyryl, hy- 
droxybutyryl, hexanoyl, octanoyl, decanoyl, palmitoyl, 
stearoyl, acetoacetyl, succinyl, isovaleryl and crotonyl 
or a pharmaceutically acceptable salt thereof, sufficient 
to enhance free fatty acid oxidation, and a pharmaceuti- 
cally acceptable carrier therefor. 

The amount of the acyl-carnitine of formula (I) or the 
pharmaceutically acceptable salt thereof is from about 2 
to about 30 g/l'of parenterally administrate composi- 
tion. 
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ACYL-CARNITINE AND USE THEREOF IN 
PARENTERAL ADMINISTRATION OF 
TRIGLYCERIDES 

5 

CROSS-REFERENCE 

This is a continuation-in-part of Ser. No. 041,147 filed 
May 21, 1979, now abandoned. 

BACKGROUND OF THE INVENTION io 

1. Field of the Invention 

The present invention relates to a novel pharmaceuti- 
cal composition for total or supplemental parenteral 
nutrition of patients in need thereof for treatment of 
shock and other trauma. 15 

More particularly, the present invention relates to a 
novel composition for use in total or supplemental intra- 
venous nutrition of patients in need thereof, such com- 
position comprising a therapeutically effective amount 
of triglycerides. The present invention also relates to a 20 
therapeutical method of increasing the efficiency of 
triglyceride administration to patients in need thereof 
because of their condition of shock and trauma. 

2. Description of the Prior Art 

Up until recently, total parenteral nutrition was lim- 25 
ited to the use of carbohydrates and protein hydroly- 
sates, whereas intravenous administration of fats" as 
caloric source was actually avoided in spite of its ac- 
knowledged utility based on the long-standing knowl- 
edge that several tissues, particularly the muscular tis- 30 
sue and the myocardium, utilize fatty acids as preferen- 
tial energy substrate. Consequently, intravenous admin- 
istration of exogenous fats would result in markedly 
beneficial effects in all those clinical situations wherein 
unbalanced conditions of some metabolic systems may 35 
occur. 

One of these systems is for instance the adjustment 
system of the lipolysis whose role is that of furnishing 
suitable material to the tissues which utilize fatty acids 
and ketone bodies as energy source. 40 

A second system, more closely related to the phe- 
nomena of the mitochondrial respiration, is the system 
wherein the carnitine-acetyl carnitine transferase com- 
plex plays an essential role. This complex is strictly 
related to the activity of ATP mitochondrial translo- 45 
case and acts so as to allow the passage of the activated, 
long-chain free fatty acids through the mitochondrial 
membrane to take place and their attendant conveyance 
to the beta-oxidation sites. 

The consequence brought about by the alterations of 50 
"the abovetnenTioned systems is the intracellular accu- 
mulation of long-chain fatty acids which, therefore, 
cannot be properly utilized. The muscular cells are thus 



Cutter Laboratoires, Berkeley, Calif.) can be cited. In- 
tralipid is made up of 10% soybean oil (a mixture of the 
glycerides of oleic, linolic, palmitic, stearic and linole- 
nic acids), 1.2 egg yolk phospholipids, 2.25% glycerin, 
the balance being water for injection, sufficient sodium 
hydroxide being added to adjust the pH to 5.5-9.0. 

Other compositions of lipid packs at present available 
on the market are disclosed in "Total parenteral nutri- 
tion" by Parshotam L. Madan, Devendra K. Madan and 
Joseph F. Palumbo, Drug Intelligence and Clinical 
Pharmacy, Vol 10, Dec. 76, pages 684-696, and in 
"L'alimentation parenterale par emulsions lipidiques" 
by G. Duchesne, La Revue du Praticien (1974), 24, 5, 
pages 377-384. The disclosures of these articles are 
incorporated by reference in this specification. 

Exogenous triglycerides of the intravenous fat emul- 
sion are intended to be hydrolyzed in the body by lipase 
with attendant formation of glycerol and fatty acids. 
These latter should in turn undergo progressive oxida- 
tion. 

SUMMARY OF THE INVENTION 
It has been found however that the administration of 
lipid packs to patients in need of exogenous triglycer- 
ides frequently does not lead to therapeutically satisfac- 
tory results because of the sharply reduced clearance of 
triglycerides and free fatty acids by patients in shock 
and trauma, particularly by intensively catabolic pa- 
tients (such as, e.g. those who have undergone extensive 
burns, fractures or major surgical operations). Reduced 
clearance of triglycerides and free fatty acid has been 
recently shown to occur also in premature and small for 
gestational age babies. 

It is, therefore, one object of the present invention to 
provide a pharmaceutical, triglyceride-comprising 
composition which allows the efficiency of exogenous 
triglycerides administered to patients for treatment of 
shock and trauma to be increased. 

It is a further object of the present invention to pro- 
vide a triglyceride-comprising composition suitable to 
minimize or prevent adverse metabolic reactions to 
exogenous triglycerides, such as the depletion of endog- 
enous carnitine in the heart and other muscular tissues 
that can take place as a consequence of lipid pack ad- 
ministration. 

In accordance with the present invention, there has 
now been discovered a parenterally administrable phar- 
maceutical composition useful for providing nutrition 
to humans comprising an amount of physiologically 
T^e^bTe-trrglyc^ effective tor 

nourishing said humans, an amount of an acyl carnitine 
of the general formula 
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It has been found that exogenous acyl-carnitine of 
formula (I) enhances .the efficiency of triglyceride ad- 
ministration, because acylcarnitine of formula (I) in- 
creases the oxidation rate of free fatty acids derived 
from exogenous triglycerides parenterally administered 5 
to patients for treatment of shock and trauma. 

It has in fact been found that exogenous acyl-carni- 
tine of formula (I) is suitable for re-activating the mito- 
chondrial respiration processes because it supplies ener- 
gy-releasing material (i.e. the acyl groups) which has 10 
direct access to the krebs cycle, and allows the passage 
of the long chain fatty acids through the mitochondrial 
membrane to be resumed, thus making possible the 
beta-oxidation processes to get started again. 

It has furthermore been found that co-administration 15 
of exogenous acyl-carnitine of formula (I) and exoge- 
nous triglycerides is suitable to counterbalance or pre- 
vent the carnitine depletion in the muscular tissues, 
particularly in the myocardium, which can be brought 
about by the administration of lipid packs to patients in 20 
need thereof for the treatment of shock and trauma. 

It should be understood that, within the scope of this 
invention, by the term "triglycerides" those glycerides 
are meant which are pharmacologically acceptable to a 
human and, furthermore, are of significance as far as the 25 
lipid requirements in the. human diet are concerned. 

The present invention also provides a method of 
treating patients in need of total parenteral nutrition, 
which comprises parenterally administering to a patient 
in need thereof an amount of physiologically acceptable 30 
triglycerides therapeutically effective for nourishing 
said patient and in combination therewith an amount of 
acyl-carnitine of the general formula 



(CH 3 ) 3 =N— CH 2 — CH— CH 2 — COO- 
OR 

wherein R represents acetyl, propionyl, butyryl, hy- 
droxy butyryl, hexanoyl, octanpyl, decanoyl, palmitoyl, ^° 
stearoyl, acetoacetyl, succinyl, isovaleryl and crotonyl 
or a pharmaceutical^ acceptable salt thereof sufficient 
to enhance free fatty acid oxidation. 

DESCRIPTION OF THE PREFERRED 45 
EMBODIMENTS 

It has been found that lipid components particularly 
suitable for use in combination with the acyl-camitines 
of formula , (I) or a pharmaceutically acceptable salt 
thereof in the parenterally administrate compositions 50 
of this invention are soybean oil, cottonseed oil, sesame 



egg yolk phospholipids 




(ovolecithin) 


10.5-12.5 g/1 


acetyl-carnitine or 




pharmaceutically 




acceptable salt thereof 


5-25 g/l 


sodium hydroxide 


sufficient to adjust the pH of the 




composition to 5.5-9.0 


distilled water 


balance to 1 liter. 


The composition thus obtained is an isotonic intrave- 


nous emulsion having 


an osmolarify of from about 250 


to 330 milliosmoles/kg of distilled water. 


Composition 2 


cottonseed oil 


100-200 g/l 


soybean lecithin 


10-30 g/l 


sorbitol 


40-60 g/l 


D,L-a-Tocopherol 


0.5-1 g/l 


acetyl-carnitine or pharmaceutically 


acceptable salt thereof 


5-25 g/l 


Distilled water 


Balance to 1 liter 



Sesame oil 




100-200 g/l 


Glycerine 




20-30 g/l 


Cetylstearylsulfonic acid 


1-1.5 g/l 


Propionyl-carnitine oi 


• pharmaeeu- 




tically acceptable salt thereof 


3-20 g/l 


Distilled water 




Balance to 1 liter 


Composition 4 


Safflower oil 




100-200 g/l 


Sorbitol 




50-70 g/l 


Polysorbate 




8-12 g/l . 


D,L-a-Tocopherol 




0.5-1 g/l 


Acetoacetyl-carnitine 


or pharmaceu- 




tically acceptable salt 


thereof 


2-20 g/l 


Distilled water 




Balance to 1 liter 



The desired daily dosage of the composition will be 
determined in accordance with standard usage, a daily 
dosage of 500 ml, being generally sufficient. 

According to a preferred embodiment, the method of 
treating patients in need of total parenteral nutrition 
comprises administering first the above specified emul- 
sions and continuing carnitine administration for a total 
of 12 to 24 hours, after discontinuation of said triglycer- 
ide administration. . 



oil and safflower oil. 

As known, these oils contain the gl ycerides of lin- 
oleic, oleic, linolenic and palmitic acids, the relative 
amounts of the various glycerides varying with the 55 
specific oil considered. 

It is apparent that other pharmacologically accept- 
able, edible oils which comprise the foregoing glycer- 
ides may be used in the compositions of the present 
invention. ^ 

It has been also found that particularly suitable com- 
positions for the total parenteral mutrition in accor- 
dance with the present invention are as follows: 



soybean oil 
glycerine 



50-200 g/l 
22-26 g/l 



This will insure that sufficient carnitine is present to 
maintain high serum levels to increase triglyceride utili- 
zation and cou nt e rbalan ee-aay-adverse-metatioljc-&f~- 
fects of the triglycerides. Carnitine administration may 
be, therefore, started by intravenous perfusion and then 
continued by the oral or parenteral route. 

As known, carnitine contains an asymmetric carbon 
atom and consequently exists in two stereoisomers. 
Either the racemate or the isolated isomers can be con- 
veniently used in the method of the present invention, 
although it appears that the L-isomer is more active, 
while the D-isomer is slightly more toxic. Thus, the 
LD50 in rats and mice assessed for various routes of 
administration according to the Litchfield and Wil- 
coxon method is as shown in the following Table A. 
(Litchfield; J. T., and Wilcoxon, F., J. Pharm. Exptl. 
Therap. 96, 99. 1949). 



product 


animal route 


LD 50 (mg/kg) 


D,L-carnitine 


rat i.v. 


995 


D-carnitine 




10,000 


D,L-carnitine 


mouse i.v. 


610 


D,L-carnitine 




6,000 


D-carnitine 




5,400 


L-carnitine 




7,000 
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TABLE A ture ' ^ a ^y administration: 1000 ml of glucose solution 

40%, 1000 ml of an amino-acid solution 8.5%, 500 ml of 
lipid emulsion 5% containing acetyl carnitine 0.7%, 
vitamins and electrolytes. The parenteral nutrition was 
clinically well tolerated without giving rise to abnormal 
blood values. The blood parameters were checked 
every other day. In particular nitrogen and creatinine, 
total lipid, triglyceride and carnitine blood values re- 
mained within normal values. Now and then the ketone 
The dose of acyl-carnitine which is administered will 10 body urine value was positive using the ketostix test 
be determined by the attending physician ; having regard carried out every 12 hours. 

to the age, weight and condition of the patient, using After 15 days of nutrition the patient was in good 
sound professional judgement. Although effective utili- conditions for surgery and his body weight had in- 
zation of exogenous glycerides can be noticed at doses creased by 8 kg. 
as low as from 30 to 50 mg/kg of body weight daily, a 15 

dose of from about 150 to about 200 mg/kg of body CASE 3 

weight daily is preferred. Should it be deemed neces- A 40-year old male patient was hospitalized because 
sary, larger doses can be safely administered, because of of a severe starvation cause d by "short bowel syn- 
the extremely low toxicity of acyl-carmtme. drome ,.. seven months earlieri he underwe nt a large 

Some clinical studies are briefly summarized herein- 20 resection of the small bowel after meS enteric vein oc- 
b elow - elusion of unknown origin. Since then, he kept on feed- 

CASE 1 ing by mouth, sometimes trying hypercaloric diets en- 

. ,, , . . . . , . riched with median-chain-triglycerides or desultory 

A 56 year old female patient was operated for re- Jes of h aIorie parente * a] nutrition . he seem / d 

moval of suppurated ech.nococcal cyst of the right lobe 25 * by ^ atmeat and he went on ]osi 

of the liver; after ten days of total parenteral nutrition ' ht 

initiated due to the severe sepsis exhibited by the pa- _° ', . , , i_ i_ 

tient: infusion was given via the central venous routeof B \ tbe J lrae be ^ ™f? om . observation, he 
hypertonic glucose solution and a solution of amino 44 k S a " d h .e had 4 " 5 b ° wel movements each 

acids and electrolytes for a total of 4000 ml daily with a 30 ^ , so total dall y vo,ume of stools was W 0 * 1 " 
1:120 daily ratio of nitrogen: calories; via the peripheral. mately 5 liters. 

route 500 ml of lipid emulsion (10%) containing, acetyl Total serum album /" wa * ve ^ low <?- 2 g%=»l); serum 
carnitine 1.4% were infused every other day. Therapy Potassium was low (2.7 mEq/1); alkaline phosphatases 
was continued up to the 15th day after surgery and 4 and serum transaminases were s ightly increased; anae- 
days before the end normal cutaneous temperature was 35 mIa wasno t severe < Hb "> S%m\), but serum iron levels 
present and the patient had already begun to receive were q ulte low - He soon be S an total parenteral nutrition 
food through the mouth. through central venous catheter and he was put on 

The following blood-composition parameters were n.p.o. 
checked on alternate days: glucose, BUN, Na+, K+, ° ver a P enod of 4 " 5 davs dall V administration gradu- 
Ca+, protides, albumin, transaminase, alkaline phospha- 40 all y reached 600 to 700 g of glucose, 100 g of amino 
tase, total bilirubin, total lipids, total and esterified cho- acids > 500 ml of 5 % li P iA solution containing 0.7% acet- 
lesterol, triglycerides, haemochromocytometric test. yl-camitine (peripheral route), vitamins, minerals and 
With the exception of glycaemia, maintaining values electrolytes; the daily amount of water given through 
between 120 and 200 mg%ml, bilirubin between 2 and 4 the various routes was somewhere between 3000 to 
mg%ml with 1.2 mg%ml on the 15th day and alkaline 45 4000 ml- 

phosphatase constantly showing values around 150 Serum potassium levels returned to normal only after 
U/ml also upon discharge (normal up to 80 U/ml), the 30 davs of administering 200 mEq of potassium per day. 
other parameters exhibited values within the normal Diarrhoea receded after 12 days of this treatment and 
range. The following were determined 8 times on differ- only little amounts of mucus were passed with the 
ent during parenteral nutrition: cardiac output using the 50 stools. After 2 5 days of treatment the central venous 
Fick method, total peripheral resistances, artherove- catheter was removed because of systemic sepsis, and 
nous O2 difference, O2 consumption. lipids and amino acids were administered for five days 

These assessments shosved constant presence of car- via the peripheral route, while glucose was interrupted. 
dio vascular hyperdynamism (cardiac output constantly During this period, no particular alterations of serum 
between 3.1 and 4.8 1/min/mg with O2 consumption 55 values were observed: total lipids, serum triglycerides, 
between 140 and 230 ml/min/mg) demonstrating the total cholesterol and esters were always within the 
effectiveness and good tolerance of the hypercaloric normal range. Parenteral nutrition by central venous 
nutritional therapy. catheter was begun again, though lipid 5% administra- 

tion was changed to 500 ml of a 20% lipid solution with 
CASE 2 60 2.1% acetyl-carnitine, twice weekly. For a further two 

A 50 year old male patient was hospitalized with months, parenteral nutrition was continued according 
cancer of cardia in malnutritional conditions; for ap- to this schedule: minor changes involved electrolytes, 
proximately 4 months he had been complaining of wors- glucose, and addition of insulin or albumin; the antral 
ening dysphagia for solids and liquids with an almost vanous catheter was replaced twice, 
total impossibility to feed himself during the last 20 65 After three months of total parenteral nutrition, our 
days. The patient, weighing 50 kg upon admittance, was patient weighed 54 kg; parenteral nutrition was inter- 
given total parenteral nutrition by means of central ruptedn and he was fed on elementary diet. Though he 
venous catheter positioned for sub-clavian artery punc- continued to receive lipid administration for an addi- 



4,330,557 



tional week by the central venous route. One month 
after the beginning of this treatment, our patient had 2-3 
bowel movements each day (nearly 1.5 liters on the 
whole) and body weight remained unchanged. He was 
discharged from hospital while on oral feeding (varied 5 
diet including few solid foods and precooked meat). 
What is claimed is: 

1. In the method of increasing in a human the level of 
fatty acids selected from the group consisting of oleic 10 
acid, linoleic acid, palmitic acid, stearic acid and linole- 
nic acid by parenteral intravenous administration of one 
or more triglycerides of said fatty acid to a human, the 
improvement which comprises sumultaneously admin- 
istering a quantity of an acyl-camitine sufficient to en- 15 
hance the oxidation of said fatty acids in the body of 
said human, said acyl-camitine having the general for- 
mula 



(CH 3 )3=N-CH 2 -CH— CH 2 — COO- 
OR 

wherein R represents acetyl, propionyl, butyryl, hy- 
droxy butyryl, hexanoyl, octanoyl, decanoyl, palmitoyl, 
stearoyl, acetoacetyl, succinyl, isovaleryl and crotony. 

6. The composition according to claim 5, wherein 
said amount of acyl-camitine or pharmaceutically ac- 
ceptable salt thereof is from about 2 to about 30 g/1. 

7. The composition according toclaim 5 comprising: 



soybean oi! 
glycerine 

egg yolk phospolipids (ovolecithin) 
acetyl-carnitine or a pharmaceutically 
acceptable salt thereof 
sodium hydroxide 



distilled water 



(CH 3 ) 3 =N— CH 2 — CH— CH 2 — COO- 
OR 

wherein R represents acetyl, propionyl, butyryl, hy- 
droxy butyryl, hexanoyl, octanoyl, decanoyl, palmitoyl, 
stearoyl, acetoacetyl, succinyl, isovaleryl and crotonyl. 

2. A method of treating patients in need of total par- 

enteral nutrition, which comprises parenterally adminis- soyton leciUun 
tering to a patient in need thereof an amount of physio- 30 sorbitol 
logically acceptable triglycerides therapeutically effec- 
tive for nourishing said patient and in combination 
therewith an amount of an acyl-camitine of the general 
formula: 



50-200 g/l 
22-26 g/i 
10.5-12.5 g/l 

5-25 g/l 

sufficient to adjust 
pH of composition 
to 5.5-9.0 
balance to 1 liter. 



25 8. The composition according to claim 5, comprising: 



100-200 g/l 
10-30 g/l 
40-60 g/l 
0.5-1 g/l 

5-25 g/l 

balance to 1 liter. 



D,L-a-tocopherol 

acetyl-carnitine or pharmaceutically 
acceptable salt thereof 
distilled water 
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9. The composition according to claim 5, comprising 



(CH3)3=n—ch 2 —ch—ch 2 — coo- 



wherein R represents acetyl, propionyl, butyryl, hy- 0 
droxy butyryl, hexanoyl, octanoyl, decanoyl, palmitoyl, 
stearoyl, acetoacetyl, succinyl, isovaleryl and crotonyl 
or a pharmaceutically acceptable salt thereof sufficient 
to increase free fatty acid oxidation. 45 

3. The method according to claim 1, wherein said 
acyl-camitine is an L-acyl-carnitine. 

4. The method according to claim 1, which further 
comprises orally or parenterally administering daily for 

12 to 24 hours after discontinuation of said triglyceride 50 
administration, from about 30 mg to about 200 mg ol 
said acyl-camitine per kg of body weight.. 

5. A parenterally administerable aqueous intravenous 



sesame oil 100-200 g/l 

glycerine 20-30 g/l 

cetylstearylsulfonic acid 1-1.5 g/l 
propionyl-carnitine or pharmaceutically 

acceptable salt thereof 3-20 g/l 

distilled water balance to 1 liter 



10. The composition according to claim 5, compris- 
ing: 



safflower oil 
sorbitol 

-polysorbate 

D,L-a-tocopherol 
acetoacetyl-carnitine or 
pharmaceutically acceptable 
salt thereof 
distilled water 



100-200 g/l 
50-70 g/l 

-8-4-2-g/} 



-£30~g7i 
balance to 1 liter 



pharmaceutical composition for increasing in the body 
of a human recipient thereof the level of fatty acids 55 
selected from the group consisting of oleic acid, linoleic 
acid, palmitic acid, stearic acid and linolenic acid, said 
composition comprising a quantity of one or more tri- 
glycerides of said fatty acids sufficient upon hydrolysis gg 
in the body to afford a nutritionally effective amount of 
said fatty acid, and an amount of an acyl-carnitine or a 
pharmaceutically acceptable salt thereof sufficient to 
enhance the oxidation of said fatty acids in the body, 
said acyl-carnitine having the general formula 65 



11. The composition according to claim 5, wherein 
said acyl-camitine is L-acyl-carnitine. 

12. The composition according to claim 7, wherein 
said acetyl-carnitine is L-acetyl-camitine. 

13. The composition according to claim 8, wherein 
said acetyl-carnitine is L-acetyl-carnitine. 

14. The composition according to claim 2, wherein 
said propionyl-carnitine is L-propionyl-carnitine. 
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ABSTRACT 



The invention covers a method of implanting a living donor 
cell into a host animal without inflammatory response or 
rejection of the donor cell by the host animal, by obtaining 
an uncoated particle of a biocompatible, temperature- 
independent gel that encapsulates the living donor celL 
wherein the uncoated particle provides a molecular weight 
cutoff that prevents host animal immune cells from entering 
the particle, yet does not have to prevent entry of host animal 



IgG and complement into the particle, and implanting the 
uncoated particle into the host animal. 



64 Claims, 6 Drawing Sheets 
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METHODS OF USE OF UNCOATED GEL islets were implanted intraperitoneally in the rats and com- 

PARTICLES pared to nonencapsulated islet implants. Low dose CsA 
therapy was instituted in both groups for the duration of the 

BACKGROUND OF THE INVENTION study. Euglycemia was maintained for 43 to 123 days for 

The invention relates to methods of use of gel particles s canine islets, and 42 to 136 days for human islets. In 

such as beads and spheres. , contrast ' "^encapsulated islets achieved euglycemia for 

_ , . , „ , . , . , less than 2 days. 

Gel nucrocapsules, e.g. of alginate that contain a rela- Howeveri ^ m a fow rf uges rfmiaocj?)8flIes 

tively small number of living cells have been used to wilhout immunosuppression. For example. Weber et al., 

transplant donor cells into host animals in both allografts. Transplantation, 49:396-404 (1990), describes a discordant, 

i.e.. same-species transplants, and xenografts, i.e., different- e g from unre l a ted species, xenograft in which alginate- 

species transplants. The microcapsules are used primarily in polylysine microcapsules containing canine islets func- 

an attempt to immunoisolate the donor cells from the host's tioned for an average of only 11.5-3 days in diabetic NOD 

immune system. In the case of alginate microcapsules, they mice. However, immunosuppressive treatment with anti- 

include an inner gel core and an outer semipermeable CD4 monoclonal antibody allowed the cells in some of the 

membrane or other coating with a controlled porosity to 15 recipient mice to remain functional for an average of 83 

prevent components of the host's immune system from days. 

entering and destroying the cells within the microcapsule In addition, Iwata et al.. Diabetes, 38 (Supp. l):224-25 

cores. (1988), describes the use of pancreatic islet cells encapsu- 

Several methods for microencapsulating cells, e.g., pan- i ate d in agarose gel microspheres in concordant xenografts, 

creatic islet cells, in alginate gels have been investigated. 20 i - e -> transplants from different but closely related species. 

These include the alginate-polylysine technique described in e -S- rodent-to-rodent transplants, such as hamster cells into 

Lim et al., U.S. Pat. No. 4391,909 and Soon-Shiong et al.. mice. No immunosuppressive agent was used in this study, 

Transplantation, 54:769-774 (1992). the alginate-chitosan f d the ^marned normoglycemic for 29 and 53 

system described in Rha et al., U.S. Pat No. 4.744.933. and ^respectively. 

the polyacrylate encapsulation method described in Sefton. 25 , V sec ° nd Slmila £ Conc ^l X ^f^ dy ' Iwata et 

U.S. Pat. No. 4,353,888. Each of these methods results in aL ' Transpkintation Proc . 24:952 (1992), the immunosup- 

alginate gel microcapsules with an outer coating that is P resslve effec * of * e 15-deoxysperguahn on host mice 

distinct from the inner core. was compared with control mice that received no immuno- 

...... . , ... suppression. Iwata et al. concluded that the agarose micro- 

The dgmate-polylysme technique, involves extruding a 30 ^ immunosuppression could Zt effectively 
mixture of ceUs and sodium alginate into a CaCl 2 solution ±e concordant xenografts from rejection, because 
using a droplet generation device to form temporary gelled blood ^ J Qf ^ 
droplets. These .droplets are then coated with positively smyiv * oyer m ^ However< ^ lucose *^ 
charged polylysine to form a semipermeable outer mem- indicated ^ 3 of 5 ^ survived over m ^ in 
brane or coating around the gelled droplets Tests have 35 ^ receM ^ immunosuppressive drug for 120 days 
shown that these microcapsules are unstable and produce an (2 5 or 40 ^ (5 $mg/kg/day) 
mflammatory and flbrotic response when implanted mto the V T & X j t * * , mf , * 
peritoneal cavity of airuiials. However, the addition of athird ^ Stud J' Iwata . « Tra ° s ? lanta1l0n 
outer alginate layer over the polylysine membrane has 24 ; 934 < 1992 >'. used mouse islet allografts in agarose micro- 
improved the biocompatibility ofthe microcapsules, result- „ ? pheres to acme ™ lormoglycemia n diabetic mice without 
ingin an increase inL duration of islet allograft function 40 ™nosuppression. Blood glucose levels indicated that the 
in diabetic rodents to more than a year, as described in ****** of 01686 ato P ats survived over 100 
O'Shea et al., Biochem. Biophys. Acta, 804:133-136 SUMMARY OF THE INVENTION 
(1984). The present methods of using biocompatible, 

Although the alginate-polylysine microcapsules have 45 temperature-independent gel particles, e.g.. beads, are based 

been shown to prolong the survival of cells in allografts and 0 n the discovery that donor cells, e.g.. porcine, bovine, or 

xenografts, these microcapsules have typically required canine islet cells, encapsulated in alginate bead's can be 

adjunctive treatment with immunosuppressive agents such successfully transplanted into a host animal, e.g., mouse, rat, 

as cyclosporin ("CsA"). However, when used in therapeutic, or dog, without any protective coating or semipermeable 

i.e„ immun osuppressant dosages, these agents cause a host 5n membrane around the beads, and with th e use of only 

of serious side effects including infection, cancer, and renal minimal doses, if any, of immunosuppressive or anti- 

toxicity. Thus, the use of immunosuppressive agents in inflammatory drugs. These simple, uncoated beads can be 

therapeutic dosages is undesirable. implanted into the host and provide effective immunoisola- 

Nevertheless, immunosuppressive agents are still used. tion of the encapsulated cells without eliciting a fibrotic 

For example. Soon-Shiong et al., Transplantation, 55 response or a host immune rejection of the donor cells within 

54:769-774 (1992) and Soon-Shiong et al., P.N.A.S., USA, the beads. 

90:5843-5847 (1993). describe the use of alginate- In general, the invention features a method of implanting 

polylysine-alginate microcapsules for allografts of canine a living donor cell into a host animal without inflammatory 

islets into diabetic dogs, both with continuous or temporary, response or rejection of the donor cell by the host animal by 

e.g., 30 day, immunosuppression with CsA. Both sets of 60 obtaining an uncoated particle consisting essentially of a 

dogs remained independent of insulin for an average of over biocompatible, temperature-independent gel that encapsu- 

100 days. lates the living donor cell, wherein the uncoated particle 

In another report, Soon-Shiong et al.. First Int'l Cong. provides a molecular weight cutoff that prevents host animal 

Xenotrans., p. 22 (Minneapolis, MN 1991). describes the immune cells from entering the particle, and does not 

prolongation of discordant islet xenograft function in 65 prevent entry of host animal IgG and complement into the 

streptozotocin-induced diabetic rats by alginate-polylysine particle, and implanting the uncoated particle into the host 

microencapsulation. Microencapsulated canine and human animal. 
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As used herein, a "temperature-independent gel" is a gel selected to secrete Factor IX, Factor Vffl, an interleukin, an 

that can be gelled or crosslinked. e.g.. by the addition of ions interferon, an endocrine hormone, a nerve growth factor, 

such as calcium, potassium, or barium ions, without a tumor necrosis factor alpha, a neurotropic factor, or a 

change in temperature. An "uncoated particle" refers to a neurotransmitter. The disease can be diabetes mellitus, 
bead, sphere, or other gel structure, e.g.. a cylinder, that is 5 hepatic disease, amyotrophic lateral sclerosis, hemophilia, 

composed of a biocompatible, temperature-independent gel hypothyroidism, Parkinson's disease, acquired immune 

matrix without :any surface or intermediate layer, e g j in the deflciency syndrome , Duchenne's muscular dystrophy, 

fomofasermpemeaWm infertility, epilepsy. Huntington's disease, 

molecular weight cutoff different from that of the gel matrix hypoparathyroidism, a mood disorder, a motor neuron 

. . , „ t . ,,.10 disease, osteoporosis, or Alzheimer's disease. 
As used herein, molecular weight cutoff refers to the 

size of the largest molecule that is not substantially blocked , The ™tion also features an in vivo method of culturing 

by a semipermeable membrane surrounding a microcapsule a hvm 8 ceU by encapsulating the living cell in an uncoated 

or by the gel matrix itself in an uncoated gel particle, e.g.. P 3 * 1 ^ listing essentially of a biocompatible, 

bead, according to the invention. Molecules with a molecu- , , temperature-independent gel. inserting the uncoated particle 

lar weight above the cutoff are substantially prevented from 15 iat ° an ammal f d *e animal to thrive, thereby 

entering or leaving the microcapsule or gel particle. The culturing the cell. 

coatings of prior art alginate microcapsules generally pro- The invention further features, an in vitro method of 
vide a molecular weight cutoff of greater than 50,000 and culturing a living cell by encapsulating the living cell in an 
less than 100.000 daltons. The uncoated gel particles of the uncoated particle consisting essentially of a biocompatible, 
invention have a molecular weight cutoff of greater than temperature-independent gel, placing the uncoated particle 
about 500.000 daltons, i.e., molecules like IgG and comple- i nto a medium including nutrients and oxygen, and main- 
ment can enter these gel particles, but host cells such as taining a sufficient amount of nutrients and oxygen in the 
immunocytes are prevented from entering these gel par- medium to allow the cell to thrive, thereby culturing the cell, 
tides. In addition, this high molecular weight cutoff allows 25 In addition, the invention features a method of manufac- 
molecules secreted by the encapsulated cells, e.g.. Factor turing uncoated. temperature-independent gel particles con- 
vm or hormones, to exit the gel particles. taining living cells consisting of the steps of suspending the 
The invention also features a method of implanting a living cells in a liquid medium, the medium consisting 
living donor cell into a host animal without inflammatory essentially of water and a biocompatible, temperature- 
response or rejection of the donor cell by the host animal by 30 independent, liquid gel, forming a droplet of the liquid 
suspending the living donor cell in a liquid medium, the medium, solidifying the droplet to form a gel particle that 
medium consisting essentially of water and a biocompatible, encapsulates the living cells, whereby no outer coating is 
temperature-independent liquid gel, forming a droplet of the formed on the particle, and storing the gelled uncoated 
liquid medium that contains at least one living cell, solidi- particles in a nutrient medium to maintain the viability of the 
fying the droplet to form a gel particle that encapsulates the 35 living cells. 

living cell, whereby no outer coating is formed on the In all of these methods, the living donor cell can be 

particle, and wherein the uncoated particle provides a obtained from a species that is the same as or different from 

molecular weight cutoff that prevents host animal immune the host animal, and can be a genetically altered human cell, 

cells from entering the particle, and does not prevent entry The host animal can be a dog or a human. The donor cell can 

of host animal IgG and complement into the particle, and 40 be a porcine, bovine, canine, bacterial, fungal, or plant cell, 

implanting the uncoated particle into the host. In particular, the donor cell can be a pancreatic islet cell, or 

In particular embodiments, when the liquid medium con- can secrete Factor IX. Factor VDI, an interleukin, an 

tains pancreatic islets, they can be present at a density of interferon, an endocrine hormone, a nerve growth factor, 

about 2 to 60 islets per mm 3 , and more preferably at a tumor necrosis factor alpha, a neurotropic factor, or a 

density of about 10 to 35 islets per mm 3 i.e 10,000 to 35,000 45 neurotransmitter. 

islets per milliliter of the medium. When the liquid medium In particular embodiments, the gel particle is spherical 

contains other living cells, they can be present at a density and has a diameter of from 50 to 6000 microns, and 

_0f-a hoilt 1 0 s to 1 0 s cells , and pre ferably 1 0 6 to 1 0 7 cel l s, per preferably from 7.000 tn 4Snn mirrnns Thp. g p.l ran hp. an 

milliliter of the medium. The density depends on the size and alginate or alginate derivative, and the alginate can be 
metabolism of the individual islets. 50 crosslinked with an ion, such as the calcium in a calcium 

Furthermore, the invention fcatur es- a method of treating — salt The uncoated gel pa rt i cl e can be-biedegrad able, and the 



a disease in a patient caused by a deficient production of a rate of degradation of the gel in the uncoated particle can be 
substance in the patient by obtaining an uncoated particle selected to match the life expectancy of the donor cell, 
consisting essentially of a biocompatible, temperature- in other embodiments, the uncoated particle encapsulates 
independent gel that encapsulates a living donor cell that 55 an autologous erythrocyte in addition to the donor cell, or 
secretes the substance, wherein the uncoated particle pro- can be treated with a nitric oxide inhibitor prior to implan- 
vides a molecular weight cutoff that prevents patient ration. In addition, the method can include the step of 
immune cells from entering the particle, and does not administering a drug to the host animal at a dosage effective 
prevent entry of patient IgG and complement into the to inhibit fibrosis and inflammation of the uncoated particle, 
particle, and implanting the uncoated particle into the patient 60 but at a dosage lower than that required to achieve immu- 
in a location and in a manner that allows the living cell to nosuppression when the donor cell is implanted into the host 
remain physiologically active and secrete the substance into animal without encapsulation. For example, the drug can be 
the patient to treat the disease. For example, the uncoated cyclosporin A and is administered at a dosage that achieves 
particles can be implanted into an immunoprivileged site in a whole blood trough level of less than about 100 ng/ml in 
the patient. 65 the host animal. In addition, the drug can be administered for 

In particular embodiments, the disease is diabetes and the up to several weeks, e.g., one month, or longer, after 
donor cell is a pancreatic islet cell. The donor cell can be implantation, and is then no longer administered. 
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The invention also provides a variety of other features ing 2-6 mm glass beads. The islets were separated from the 

which enhance implant function and longevity including exocrine tissue by discontinuous density gradient centrifu- 

size of the beads, types of gel matrices, and for islet cells, gation (27%. 20.5%, and 11% (w/v) FICOLL® (Sigma, F 

optimum cell densities. It is essential that the gel matrices 9378) in Eurocollins solution). 

keep host cells, i.e., immunocytes, physically separatedfrom 5 Isolated islets were then cultured for one day either in 
the donor tissue cells. It is also important that the particles M199/Earle's medium supplemented with 10% (vol/vol) 
have a sufficient size to keep antigens secreted by the fetal bovine serum, 30 mMHEPES, 100 mg/dl glucose, and 
encapsulated living cells from building up in the matrix and 400 IU/ml penicillin (canine), or in a-MEMplus 10% heat- 
coming into direct contact with the host, and to protect the inactivated horse serum (bovine and porcine) in a humidified 
encapsulated donor cells from small soluble or cytotoxic 10 atmosphere of 5% C0 2 /95% air at 37° C. A typical yield of 
factors in the host such as nitric oxide, lymphoMnes, islets should be in the range of 0.5-1.8xl0 6 islets for adult 
cytokines, and natural killer (NK) cytotoxic factors. The pancreas (400 gmwet weight islet diameter 80-125 um, 
charge and chemical properties of the matrix are also impor- purity 85-95%, viability greater than 90% (see below). The 
tant in this respect. cells may also be isolated by other procedures and cultured 

Unless otherwise defined, all technical and scientific 15 unde r other suitable conditions, 

terms used herein have the same meaning as commonly Ischemic deterioration of the islet cells is minimized by 

understood by one of ordinary skill in the art to which this using tissue fragments of a suitable size, e.g., islet fragments 

invention belongs. Although methods and materials simil ar should be less than about 120 microns, and preferably 40 to 

or equivalent to those described herein can be used in the 100 microns, in diameter. Viability, growth, longevity, and/ 

practice or testing of the present invention, the preferred 20 or function ofthe islet cells can be enhanced by co-culturing, 

methods and materials are described below. All publications, by mixing other cell types in the liquid medium prior to 

patent applications, patents, and other references mentioned encapsulation. Useful cell types include cells which secrete 

herein are incorporated by reference. In addition, the growth hormone, e.g., GH-3 cells, or cells which secrete 

materials, methods, and examples are illustrative only and connective tissue and/or extracellular matrix components, 

not intended to be limiting. 25 e -g-^ fibroblasts and endothelial cells. In addition, cells, e.g.. 

Other features and advantages of the invention will be islets ' 0311 be co-cultured with red blood cells, hemoglobin, 

apparent from the following detailed description and from oromer oxygen carrying agents to enhance oxygen avaU- 

the claims ability. Islet quality control procedures are used to enable 

comparison of different lots of islets prepared at different 

BRIEF DESCRIPTION OF THE DRAWINGS 30 t^es. Purity (amount of islet tissue compared to exocrine 

tissue contamination) depends on the relatively unique char- 

FIG. 1 is a photomicrograph of a mouse macrophage acteristic of pancreatic islets to rapidly take up diphenyl 

digesting a 18 day old, fibrosed alginate gel bead (fibers in thiocarbazone (dithizone). Islets are therefore incubated for 

cell). five to ten minutes with 50 ug/ml of dithizone (D5130, 

FIG. 2 is a graph showing the effect of porcine islet 35 Sigma) to stain them red. The preparation is then examined 

implants on plasma glucose level in mice. under light microscopy for a qualitative estimate of purity. 

FIG. 3 is a graph showing the effect of bovine islet Quantification of purity is effected by islet dispersion and 

implants on plasma glucose level in mice. counting of stained and unstained cells, or with a spectro- 

FIGS. 4 is a graph showing the effect of bovine islet P \°* 0m ^ C f uptake/ug EfA. 

implants on plasma glucose level in rats. 40 . »ty can be determined by any one of several assays 

- . that depend on the capability of viable cells to exclude 

FIGS. 5A and 5B are graphs showing the blood glucose certain dyes . For examplej one assay uses a combination of 

Level in diabetic patient dogs before and after implantation ^ fluorescen t sta ins acridine orange, which stains only 

of canine islets with low dose cyclosporin. viable ceUs ^ p^pi^ iodide< which stains only 



DETAILED DESCRIPTION 



the nuclei of dead cells red. The islets are incubated with the 
dyes (acridine orange, Sigma A6014, 50 ug/ml, and pro- 

Various types of donor cells can be isolated, encapsulated, pidium iodide, Sigma P4170, 2.5 ug/ml) in a PBS solution 

and then implanted into a host according to the present for 10 to 15 minutes and then dispersed into single cells, 

invention. Counts of red and green fluorescing cells are used to 

Isolation of Cells 50 calculate % vi ability. 

Cells are isolated from surrounding tissues or grown in Insulin secretory activity of the islets is determined both 

culture by procedures known to the art. and are then sus- in static culture, e.g., expressed as units of insulin per islet 

pended in a liquid medium prior to encapsulation. For volume, and based on the capability of the islets to respond 

example, pancreatic islet cells were prepared from either to graded concentrations of glucose. These values are quan- 

adult mongrel dogs, pigs, or bovine calves (0-2 weeks old) 55 titatively established by measuring the insulin secreted by 

by a modification of the methods of Warnock and Rajotte, islets exposed to a range of glucose concentrations extend- 

Diabetes, 37:467 (1988), as previously described in Lanza et ing from 2.8 to 28 mM glucose, 

al., P.KA.S. USA, 88:11100-11104 (1991). Encapsulation 

Briefly, aseptic, viable porcine pancreata were obtained Once the cells are isolated and suspended in liquid 

under aseptic operating room procedures. After resection 60 medium, they must be encapsulated by a supporting gel 

(warm ischemia for less than about 15 minutes), the glands matrix. Beads suitable for implantation into a host animal 

were cannulated and infused with cold (4° C.) University of include a number of living donor cells in a gel matrix 

Wisconsin (UW) organ preservation solution. Pancreatic without any protective coating. Using standard techniques, a 

tissues were dissociated using an intraductal collagenase gel matrix is formed by adding cells, e.g., pancreatic islets, 

digestion procedure. The collagenase is delivered by peri- 65 to a solution of nutrient medium and liquified gel, e.g., 

staltic pump, and the digested pancreas is mechanically sodium alginate, to form a suspension, and then crosslinking 

disrupted in a polypropylene dissociation chamber contain- the gel, e.g., by adding a crosslinking agent such as calcium 
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chloride. The gel matrix can be any one or a combination of endocrine tissue within the beads. The islets were morpho- 

a variety of substances that are biocompatible with the host logically intact, and contained well granulated (3-cells. 
animal, and are capable of maintaining cellular viability and 

physically supporting the tissue or cells in suspension, as Specific Parameters for Uncoated Particles 

long as they have the required concentration and purity. 5 The part icles. e.g., beads, are preferably spherical in 

The gels must be temperature-independent, in that they configuration and have a diameter of about 600 to 6000 urn. 

can be gelled or crosslinked. e.g., by the addition of ions preferably 1500 to 3500 urn. Particles as small as 50 urn can 

such as calcium, potassium, or barium ions, without a be made . Tne preferred size is based on diffusion distances 

change in temperature, which could be harmful or fatal to from the sur f ace 0 f the bead to the cells within. In addition, 

the living cells to be encapsulated. Temperature-independent 10 sma u e r beads, e.g.. 700 to 900 urn are suitable for allo- 

gels include alginates, carrageenans. and gums such as graphic transplants, whereas larger beads, e.g.. 2000 to 5000 

xanthan gum. As used herein, the term alginate includes Ulru ^ pre ferred for xenographic transplants, 
alginate derivatives. These gels should be treated to remove A herical sh ig fcrred fa &e beadg tQ < a 

polyphenols, hpopolysacchandes. endotoxins, and other smooth ^ ^ tends £ 

mpuntiesusmg standard techniques. 15 fibrotic encapsulation of the beads. The beads may be 

Alginate is composed °f blocks of 1.4 linked P-D- designed t0 b ^ more or less biodegrad able depending on the 

mannuronic acid (M) and oc-l-guluromc acid (G) hnked intendeduse . Forexarn p le . if the beads are intended to break 

together, e.g m alternating MG blocks. The preferred down within a certai 7 riod of ^ such as 

alginate w one formulated with a high G block content, e g Qr n ^ ^ added tQ &e ^ fe 

a least about 60 percent. The higher the percentage of G 20 fad]itate ^ However< as show 5 n in mQ _ h 

blocks, the greater the pore size and the strength of flie gel Ucms haye <ascovmi ftat even ^ Qate beads ^ 

T^dlf t I t t T that . alglnate gel . S T attacked and digested by macrophages afterthe gel particle 

arughMblockcontentappeartobemoreimmunog^ hag teen CQa J &bl ^ cti J & b * the host f shows 
gels with a high G block content See e.g., Soon-Shiong et > q{ 

Transplant Proc., 23^5^ 25 Qther £ ^ m £ hanisms ^ occur. The resulting 

et al. Transplantation, 54:769-774 992). breakdown products are resorbed by the body, or excreted k 

The gel matrix should be sufficiently viscous to maintain ^ ^ as F nts of cro^d or uncr0 ss]inked algi- 

the cells in a dispersed state. When alginate is used as the gel nate molecules . This br eakdown of ±e Uads My start 

matrix, it is added up to about 3%, preferably to about 1 to „„■«„•„ „ „,«»t„ ...m.-- „ ™„ j • 

... .... 5- . , . i i* . !• i j ^ within a few weeks or months, or within a year, and is 

2%. of mehquidmedium and the solution is cross-lmked to 30 ^ q{ ^ ^miking agent 

formasemisohdgelin which the cells are suspended. These used tQ and ^ added m & ^ as 

percentages provide a matrix that maintains its shape and coU which ^ Qn fe Qwn tQ ^ eaKefr ; ^ ^ 
has sufficient mechanical strength to remain intact in vivo ^ a fow ^ ^ general< tw^breakdown 

for several months. typically occurs after 6 to 12 months. 

For example, pancreatic islets can be encapsulated as 35 „ 
follows. After preculturing overnight, islet cells were sus- 0ther characteristics of the uncoated beads include (1) 

pended uniformly at a density of 20,000 islets/ml. which is morphological and chemical properties, e.g., the smoothness 

20 islets/mm 3 , in a solution of 1.5% (wt/vol) Pronova LVG of surface ' fte structure of &e and me abiUt y t0 react 

sodium alginate (Prolan. Drammen. Norway) in culture with other chemical substances, and (2) transport properties, 

medium plus additives (a-MEM, 10 mMHEPES pH 7.1, 40 e -g-' permeability to microsolutes, nutrients, 0 2 , wastes, 

penicillin. 2 mM glutamine for porcine islets; and M199 macrosolutes (e.g., insulin), essential proteins, and molecu- 

with the same additives for canine islets). A syringe pump lar cutoff t0 P revent immune cells (lymphocytes/ 

wasusedtopumpmesuspensionthroughanairjetapparatus macrophages) from entering the bead as discussed above, 

(containing a straight-edged 22 gauge needle) at a speed of B °* morphological and transport characteristics are 

3 ml/min. Droplets formed at the tip of the needle were 45 achieved by the gel matrix which physically isolates the 

stripped off by means of a concentric flow of air at an air donor cells from the host cells and allows nutrients and 

speed of 7 to 8 m/sec. The resulting droplets fell a distance ox yg el1 t0 flow freel y mt0 me matrix, which facilitates 

of 4 cm and were collected-involution of 1.5% CaCl^ viability of cells. In addition, the negative charge of some 

10 mMHEPES (pH 7.1) to form gelled beads. These beads § els > sodlum alginate, should aid in preventing proteins 

can be made in various sizes ranging from about 700 urn to 50 ° f the humoral immune response (complement/cytoMnes) 

3500 urn in diameter by altering the air flow speed , the fas ter from entering the gel particles. 

the flow rate the smaller the beads. tw™. r\*n »„a n™* nu„™„*^,.n^ 

. A ~ Donor Cell and Host Characteristics 

Each bead contains approximately 1 to 25 islets. After 
three minutes, the beads were washed three times with The living donor cells are preferably mammalian cells, 

culture medium (appropriate for the species of islets in use), 55 but can also be bacterial, fungal, or plant cells that express 

and were then cultured in a tissue culture incubator at 37° C. or secrete a desired protein, hormone, or other substance, 

and 5% C0 2 until they were implanted. The characteristics of these encapsulated donor cells are 

Larger beads up to 3500 to 6000 mm in diameter, were or important to the survival of cells in the particles once 

can be made in a similar manner, or can be extruded through implanted into a host. For example, the total antigenic load 

a syringe with a 14 gauge catheter. Beads can also be made 60 should be kept as low as possible while still implanting a 

by other standard techniques, as long as the resulting beads sufficient number of donor cells to achieve the desired 

have the preferred characteristics described below. therapeutic effect. 

The beads were cultured in vitro for up to four weeks, and This antigenic load can be controlled by adjusting the 

the insulin secretion compared to free islets, prepared as density of cells per bead and/or by adjusting the total number 

described above. The insulin secretory response of the beads 65 of beads implanted into the host. These numbers vary 

was approximately 50 to 80% of that of the free islets. depending on the cell type and the type of host. For example. 

Histological examination at four weeks revealed viable in a dog example described below, diabetes was treated with 
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beads made from 32.0 ml of gel containing porcine islets at e.g., an initial dosage of an immunosuppressive/anti-fibrotic 

a density of about 20 per mm3. To standardize islet dosages. agent of a few hundred ng/ml, and then a maintenance 

the FIN (equivalent islet number) can be used. This number dosage of less than 100 ng/ml, should be administered, 

is based on the islet volume of a standard islet of 150 in addition, according to in vitro observations, the living 

microns in diameter. 5 donor cells within the gel beads can be protected from 

The total EIN implanted into a patient depends on the cytotoxic nitric oxide radicals, by co-encapsulating the cells 

insulin requirements of the patient, and on the metabolism, with autologous erythrocytes, which scavenge nitric oxide 

type, and quality of the islets, which is determined by in that may enter the gel beads once implanted, e.g., as 

vitro tests of the encapsulated islets prior to implantation as described in Wiegand et al.. Transplantation, 56:1206-1212 

described herein. For example, it is known that porcine islets 10 (November 1993). In addition, the gel beads can be treated 

produce more insulin than bovine or canine islets. The with nitric oxide inhibitors such as N G -methyl-L-arginine 

amount of insulin (insulin units) required by a patient is prior to implantation to provide a protective effect, 

determined empirically on an individual basis, and is based Implantation 

on sugar levels monitored several times per day. For The beads can be simply implanted into a host by injec- 
example, diabetic dogs may require about 5 to 40 units of 15 tion with a standard catheter or syringe, e.g., with a 16 gauge 
insulin per day. whereas a typical human diabetic patient needle for beads less than 1000 urn in diameter. Larger beads 
may require 20 to 50 units per day. In all cases, these can be inserted via a small incision, e.g., with a catheter or 
amounts depend on the severity of the disease, diet, exercise, funnel-like device. The beads are preferably implanted into 
and other factors. About 1.0 to 2.5 million porcine islets are the host intraperitoneally. The beads can also be implanted 
required to achieve this level of insulin production for a 20 intramuscularly or subcutaneously. Alternatively, the beads 
human patient. can also be implanted into immunoprivileged sites such as 
In addition, the immunogenicity of the donor cells must toe brain, testes, or thymus, where the host's immune 
be considered. For example, it is believed that fetal or response is least vigorous, as described in Chapter 7 of 
neonatal tissue will provoke less of a host reaction than adult Lanza et & ( eds -)> Immunomodulation of Pancreatic Islets 
tissue. The donor tissue can also be modulated to reduce its 25 ( R G Landes, Texas, 1994). In addition, the beads can be 
immunogenicity prior to implantation, e.g.. by organ culture. inserted through a small surgically created opening using a 
UV irradiation, and/or pretreatment with antibodies to mask gun/trocar type device that slips the beads under the skin, 
the antigens on the surface of the donor cells. Organ cul- EXAMPLES 
turing selectively removes dendritic cells (antigen present- 
ing cells) from the donor tissue since they die faster than 30 Implantation of Porcine Pancreatic Islets into Mice 
other cells in culture. Culture conditions such as high and Rats 

oxygen and low temperature are effective to selectively To determine wnether encapsulated pancreatic islet cells 

destroy the more sensitive dendnuc cells. All of fliese can secrete J ulin m £ host animal over - 

methods of modulating donorfcssues are described in Chap- extended rfods of ^ gQ0±m bead$ 

ters 9. 10, 11 of Lanza et al. (eds.), I^unomodulation of containing a total of between 10K and 100K Mets 

Pancreatic Islets (RG Landes. Tex., 1994). which is mcor- animal< were as di scordall t xenografts into mouse 

porated herein by reference. and m me]Utus modds AMt ^ Lewis ^ 

The immune system of the host can also be modulated (Charles River, Wilmington, MA) weighing 250 to 300 g. 

prior to or after implantation of the encapsulated donor cells ^ and C57BL/6J mice weighing about 20 to 30 g were used as 

to ensure survival of the implanted cells. Allografts in implant hosts. Diabetes mellitus was induced in these ani- 

mammals larger than mice or rats require a short course of ma i s by a single injection of streptozotocin ("STZ") ten to 

an immunosuppressant or anti-inflammatory drug at a low fourteen days prior to implantation of the beads. Rats were 

dosage. Discordant xenografts with small beads, e.g., 700 to injected with 42 mg/lcg body weight of STZ into the tail 

900 urn in diameter, in larger mammals such as humans also 45 vein. Mice were injected with 165 mg/kg body weight of 

require adjunctive immunosuppression. As discussed below, STZ into the peritoneal cavity. 

minimal or no immunosuppression or anti-inflammatory Fasting plasma g ncose concentra tions (mg per dl) were 

-therapy-K-ncccssary with larger beads. measured by tail bleedings from both animals using ^" 

Immunosuppressant drugs include cyclosporin A glucose oxidase method (Beckman Glucose Analyzer 2, 

("CsA"), FK-506, and deoxyspergualin. Anti-inflammatory/ 50 Fullerton. CA). Determinations were performed thrice 

anti-fibrosis drugs include steroidal drugs such as weekly for one month, and then weekly for the duration of 

prednisone, and non-steroidal drugs such as ibuprofen and each study. Failure of the encapsulated islets to reverse 

aspirin. Certain immunosuppressants such as CsA have an hyperglycemia was considered to have occurred when glu- 

anti-fibrosis effect at very low, "subtherapeutic" doses, e.g., cose concentrations exceeded 250 mg per dl on two con- 

at a so-called "whole blood trough level" of less than 100 55 secutive testings. 

ng/ml when analyzed by HPLC. Initial doses can be higher, H ost animals were anesthetized with ketamine/xylazine 

e.g., up to a few hundred ng/ml, without attaining a ( rats? 0.5 ul/g i.m.; mice, 5.0-7.5 ul/g i.p.) prior to implan- 

therapeutic, e.g., immunosuppressive, dose, which is in the ^aion. The porcine islets were isolated and encapsulated in 

range of 550 to 900 ng/ml in dogs for unencapsulated 800 um diameter beads as described above. Between 10K 

xenogeneic islets. Thus, CsA can be used as an effective and 100K islets were implanted into the peritoneal cavity of 

anti-fibrotic without the need for any other drugs. The the rats or mice either with a 16 gauge catheter or through 

maintenance blood levels of less than 100 ng/ml, e.g.. 30 a small (1-2 cm) midline incision. This corresponds to a 

ng/ml. in allografts can be discontinued within several total of about 0.5 to 5.0 mis of gel which is formed into the 

weeks to less than three months. beads, i.e., the islets are present in the gel at a density of 

In human patients, the maximum therapeutic dosage of 65 about 20K islets/ml of gel. The wound was closed in two 

CsA should be less than 800 ng/ml to avoid toxicity prob- layers with 4-0 silk suture. No immunosuppressive drugs 

lems. However, according to the invention, only low doses, were used. 
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As discussed below, the beads generally reversed hyper- 
glycemia in the hosts. This condition was confirmed by 
histological analysis. The encapsulated islets were recovered 
from streptozotocin-induced diabetic animals sacrificed two 
weeks after implantation and were routinely fixed and 5 
examined histologically. Donor islets were fixed in Bouin's 
solution, and then dehydrated and embedded in paraffin by 
routine histologic methods. The tissue was sectioned serially 
(5 um sections) and stained with hematoxylin-eosin. The 
presence of insulin, glucagon, and somatostatin in donor 1Q 
islets was determined using immunoperoxidase histochem- 
istry as described in Warnke et al., J. Histochem. Cytochem, 
28:771 (1980) or Like et al.. Lab. Invest.; 38:340 (1978). 
These tests are used to determine whether all these hormone- 
secreting cell types in the islets are viable. 

Such histological tests are the only accurate method to 15 
determine the viability of islets after implantation in chemi- 
cally induced diabetic animals, because it is common for 
such animals to revert to a non-diabetic state, which gives a 
false indication of islet viability if determined only by blood 
tests such as blood glucose levels. In addition, blood tests 20 
provide no indication of fibrosis. 

As shown in FIG. 2, porcine islets (approximately 20,000) 
encapsulated in 800+100 um diameter beads made from 1.0 
ml of alginate gel, and implanted into diabetic mice, 
reversed hyperglycemia for more than 10 weeks as evi- 25 
denced by a drop in the plasma glucose level immediately 
after implantation from about 400 to 450 mg/dl to about 200 
mg/dl, and the maintenance of the plasma glucose level at 
about 200 to 250 mg/dl. 

These results were confirmed by histological analysis, 30 
which demonstrated intact, viable islets after 10 weeks. In 
addition, the beads showed little or no fibrosis for the 10 
week period. Control experiments in which approximately 
100.000 non-encapsulation canine, bovine, or porcine islets 
were implanted intraperitoneally into STZ-induced diabetic 35 
Lewis rats showed that these xenografts all failed within one 
week. 

Li other experiments, porcine islets were immobilized in 
five different sizes of uncoated alginate beads (880, 1600, 
2200. 3000, and 3700 um in diameter). These were 40 
implanted into the peritoneal cavity of STZ-induced diabetic 
rats for 11 to 14 days (n=2 for all tests). No immunosup- 
pressant was used in these experiments. No islets survived 
in any of the 800 um or 1600 um diameter beads. Thus, it 
appears that smaller diameter beads containing porcine islets 45 
do not work without immunosuppression in rats. In other 
experiments, loss of blood glucose control and histology 
confirm that smaller diameter gel beads are r ejected within 



about 6 to 10 days after implantation. 

However, discordant xenograft studies using larger beads, 50 
c.g„ 2200, 3000, and 3700 um diameter beads, showed that 



Implantation of Bovine Pancreatic Islets into Mice 
and Rats 

In another discordant xenograft study, bovine calf pan- 
creatic islet cells were isolated and encapsulated as 
described above for the porcine islets. Again, these beads 
were analyzed in the mouse and rat diabetes mellitus model 
described above. 

As shown in FIG. 3. bovine islets (approximately 20,000) 
encapsulated in 800+100 um diameter beads made from 1.0 
ml of alginate gel, and implanted into mice reversed hyper- 
glycemia for greater than 60 days as evidenced by the 
immediate drop in plasma glucose level after implantation 
from about 550 mg/dl to about 150 mg/dl. and the mainte- 
nance of this level for the duration of the study. Histological 
analysis demonstrated intact, viable islets for more than 60 
days, with little or no fibrosis. 

Similarly, different numbers of encapsulated bovine islets 
were implanted into rats. CsA was administered subcutane- 
ously to the rats for the first two weeks of the study and then 
discontinued (30 mg/kg on days -1, 0, and 1; 15 mg/kg on 
days 2 to 5; and 7 mg/kg on days 6 to 14). As shown in FIG. 
4, all four dosage levels of islets (60K. 80K, 100K, and 
120K) reversed hyperglycemia for more than 40 days. 
Plasma glucose levels fell from about 525 to 725 mg/dl to 
less than 250 mg/dl after implantation, and maintained these 
levels for the duration of the study. 

Histological analysis demonstrated intact, viable islets at 
64 days, with little or no fibrosis. 
Implantation of Met Cells into Dogs 

In an allograft study, donor canine islets (approximately 
100.000) were encapsulated in 800+100 um diameter beads 
made from 5.0 ml of alginate gel and implanted into dog 
hosts. Although such allografts are normally rejected by a 
host within 7 days, the encapsulated donor islets were all 
viable after three weeks. One dog received no immunosup- 
pressant drug, and another received one daily injection of 10 
mg/kg CsA, which provides a blood trough level of about 
200 to 300 ng/ml, depending on the actual time of 
administration, liver function, and time of measurement 
There was no fibrosis of the implanted beads in either dog. 
even without the use of any immunosuppressive agent in one 
of the dogs. Histology showed that 50% of the islets were 
viable in both dogs after three weeks. Thus, the allografts 
were successful with or without the use of immunosuppres- 
sant or anti-fibroric drugs. 

In a discordant xenograft dog study, porcine pancreatic 
islets (approximately 140,000) were isolated and encapsu- 



porcine islet cells remained viable for more than four weeks 
in rats without any immunosuppression. The results (percent 
viability after 4 weeks) are shown in Table 1 below. 

TABLE 1 



lated in 800±100 um beads made from 7.0 ml of alginate gel 
and implanted as described above for the porcine islets. 
The s e, be a ds were a n aly z ed in a n ormal dog , The immune- 



Uncoated Bead Diameter (jan) 


Percent 'Viability 


800 


0 


1600 


0 


2200 


33 to 44 


3000 


50 to 75 


3700 


80 to 85 



Thus, larger diameter beads are successful in protecting the 65 
donor porcine islets from the host rats' immune systems 
without any immunosuppressant or anti-fibrotic drugs. 



suppressant CsA was administered orally to the dog at a 
dosage of 10 mg/kg/day throughout the course of the study. 
Histological analysis showed some viable islets after three 
weeks. 

As a control, empty beads of the same size were injected 
into dogs to determine whether the beads themselves caused 
any inflammation or other immune reaction in the host 
Histological examination showed that neither the empty nor 
the islet-containing beads had developed any fibrosis after 
over one month inside the dog host. 
Treatment of Diabetic Dogs 

In another dog study, two actual diabetic patient dogs 
were treated by implantation of about 600.00 to 650.000 
canine islets in 800±100 um beads made from 30.0 to 33.0 
ml of alginate gel and implanted as described above. The 
first diabetic dog required about 11 to 12 units of insulin per 
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day prior to implantation. As shown in FIG. 5A these the body. In effect, the current methods provide a type of 

implanted beads reversed hyperglycemia for over six weeks replacement therapy. A number of well-characterized disor- 

as evidenced by the immediate reversal of hyperglycemia ders caused by the loss or malfunction of specific cells in the 

(drop in plasma glucose level after implantation from about body are amenable to replacement therapy. For example, 

650 mg/dl to about 150 mg/dl). and the maintenance of the 5 islets of Langerhans can be used for the treatment of 

plasma glucose level at about 125 mg/dl for the duration of diabetes, hepatocytes for hepatic failure, adrenal gland cells 

the study, without the need for any external administration for Parkinson's disease, cells that produce nerve growth 

of insulin. factor (NGF) for Alzheimer's disease, cells that produce 

In addition, at one month after implantation, a bolus factors Vin and IX for hemophilia, and endocrine cells for 

intravenous injection of glucose caused only a transient rise to treating disorders resulting from hormone deficiency, e.g., 

in blood glucose level to 300 mg/dl. which was normalized hypoparathyroidism. 

within about 1 hour (data not shown). Prior to implantation, Moreover, by using recombinant DNA methods, so-called 

the same test showed a sugar level of over 600 mg/dl and "gene therapy," or encapsulating other tissues, it should also 

remained significantly hyperglycemic for the duration of the be possible to treat patients suffering from chronic pain, 

test (greater than 600). These pre- and post-implantation 15 cancer (e.g., hairy cell leukemia, melanoma, and renal 

tests provide evidence that the animals are truly diabetic carcinoma), AIDS (treated by immunological 

absent the implants. augmentation), Kaposi' s Sarcoma (treated by administration 

The second diabetic dog required about 8 to 10 units of of interferon, IL-2, or TNF-oc), primary hematologic 
insulin per day prior to implantation. As shown in FIG. 5B disorders, patients with long-lasting aplasia, and patients 
these implanted beads reversed hyperglycemia for over 7 20 who are myelosuppressed (treated by bone marrow trans- 
days as evidenced by the immediate drop in plasma glucose plantation and aggressive chemotherapy). Uncoated gel 
level after implantation from about 350 mg/dl to about 100 beads should also be useful in the treatment of affective 
mg/dl, and the maintenance of the plasma glucose level at disorders, Huntington's Disease, Duchenne's Muscular 
about 100 mg/dl for the duration of the study, without the Dystrophy, epilepsy, infertility, spinal cord injuries, and in 
need for any external administration of insulin. 25 wound healing. 

In this study, a low dose of CsA was administered to each Implantation of specific cells can also serve to detoxify or 

dog. CsA was administered at a dosage of 10 mg/kg/day for to remove deleterious substances from the circulation. For 

the first two weeks, and then dropped to 5 mg/kg/day. example, the implantation of appropriate living cells restores 

However, by 21 days, HPLC analysis of the dog's blood normal physiologic function by providing replacement for 

showed no detectable trace of CsA. Thus, the blood level of 30 the diseased cells, tissues, or organs, e.g., in hepatic 

CsA was less than about 30 ng/ml, which is the lowest encephalopathy (produced by liver disease) or uremia 

detectable limit of this measurement technique. (produced by kidney failure). : >: 

Factor IX Expressing Cells In each application, a sufficient number of uncoated 

HeLa cells, primary rabbit fibroblast cells (WHHL), and beads, containing the desired living cells, are implanted into 

hepatoma cells (HepG2) were engineered to overexpress 35 the patient, e.g., surgically or with a syringe. The beads are 

human Factor K by transfection with one of two human implanted, e.g., intraperitonealiy, for a systemic effect, or 

Factor IX expressing retroviral sequences, Moloney murine into a particular location, e.g., the brain to treat Parkinson's 

Leukemia virus LTR (Mo-LTR) or Myeloproliferative sar- disease, or the spinal cord to treat spinal cord injuries, for a 

coma virus LTR (MPSV-LTR). Human FIX is expressed local effect. 

from the retroviral 5' LTR promotor. while the dorninant 40 The dose of uncoated beads to be used is determined 

selectable marker npt (neomycin phosphotransferase; neo initially from results of in vitro studies. In addition, in vivo 

resistance; G418 resistance) is expressed from an internal results in, e.g., mice, rats, or dogs will facilitate more 

promoter. Three of the four cell populations (one of each of accurate assessment of required doses, as these tests are 

HeLa. WHHL. and HepG2) were generated with the same generally predictive of efficacy in human patients. For 

retroviral vector which uses the Mo-LTR. The fourth popu- 45 example, spontaneous diabetes in dogs is considered to be 

lation (WHHL) was generated using MPSV-LTR. All four similar to type 1 diabetes in man. Soon-Shiong et al., 

cell populations secreted detectable levels of human FTX as Transplantation, 54:769—774 (1992). 

determined by ELIS A. The beads are intended to remain in the patient with viable 

These cells were then encapsulated as follows. lxlO 6 or donor cells for extended periods of time up to several 

2x1 0 6 cells were, encapsulated in 800+100 [im diameter an months or years. H owever, if it is determined that the donor 

beads made from 1.0 ml of alginate. These beads were then cells are no longer viable, e.g., by monitoring the patient's 

cultured in vitro in DMEM in high glucose (G418 at a blood for a certain level of the protein secreted by the donor 

concentration of 0.8 mg/ml) to determine the amount of cells, it is a simple task to renew the supply of beads in the 

human Factor IX secreted by these encapsulated cells. The patient, 

encapsulated cells produced high levels of Factor IX. Selec- 55 Diabetes Mellitus 

don for G418 should be applied if the cells are grown for To treat diabetes, e.g., in a dog or human patient, the 

more than l>/i weeks in culture. implantable beads preferably encapsulate isolated canine or 

To determine the levels of Factor IX that these encapsu- porcine islets or other cells that produce insulin or insulin- 

lated cells produce in vivo, they are injected i.p. into mice. like growth factor 1 (IGF-1). Islets are prepared and encap- 

Untreated mice serve as controls. Plasma human Factor IX 60 sulated using procedures described above. Insulin secretory 

concentrations are measured at various time intervals after activity of the encapsulated cells or islets is determined both 

implantataion by tail bleedings using an enzyme immunoas- in static culture, e.g., expressed per islet volume, and based 

say (Asserachrom EXrAg; American Bioproducts). on the capability of the islets to respond to graded concen- 

Uses of Uncoated Gel Beads trations of glucose. These values are established as described 

The uncoated gel beads of the invention can be used to 65 above. Once the insulin secretion activity of a particular 

treat a variety of diseases that result from the defective or batch of encapsulated islets is determined, the proper num- 

insufficient production of a particular enzyme or hormone by ber of beads can be determined and implanted into a diabetic 
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patient. For example, to treat a human patient that requires function up to 10 months after transplantation and immu- 

20 to 50 units of insulin per day. the total number of beads nosuppression (cyclosporine, azathioprine. and prednisone) 

should be selected to contain a total of about 1.0 to 2.5 in a human Parkinson's patient. Beginning from the second 

million porcine islets. For beads designed to contain, on month after the transplantation, they observed a progressive 

average, 20.000 islets/ml of gel. the proper dosage would be 5 decrease in limb rigidity, increased movement speed in a 

beads made from 50 to 125 ml of gel. number of arm. hand, and foot movements, and prolonged 

Hemophilia "on" periods (>80% increase) after a single dose of L-dopa. 

Hemophilia is an X-linked hereditary bleeding disorder Thus, transplantation of fetal neural tissue, or cells geneti- 

caused by Factor vm or Factor K deficiency. Recombinant caR en ^ neered t0 duce dopamine and nerve 

methods have now been successfully used to create Factor f neurotropic factors, should have a great 

VITJ- and Factor DC-producing cells as described above. . ,. , . y . . . 

Encapsulation in uncoated gel beads and implantation of P oten * al . as , a n ™ therapeutic approach m patients with 

such cells according to the present invention can thus be neurological disorders. However, m the case of transplanted 

used for an improved treatment for hemophilia. xenogeneic donor tissue, rejection would pose a serious 

Hepatic Diseases problem, even by the combined approach of using an 

Hepatocyte transplantation is useful not only for irrevers- 15 immunoprivileged site and by employing immunosuppres- 

ible hepatic failure, but for several disease processes includ- si ve drugs. Therefore the uncoated beads of the invention 

ing hereditary enzyme abnormalities, acute hepatic failure, permit a novel approach to this problem, i.e., the delivery of 

where the ability of the liver to regenerate may still exist, dopamine for the treatment of Parkinson's disease using 

and as a bridge to whole liver transplantation in patients who encapsulated donor tissue harvested from animals or geneti- 

develop sudden hepatic failure, either because of medical 20 cally engineered cells, 

progression or because of rejection-related complications. Alzheimer's Disease 

Wong and Chang, Biomat. Art. Cells Art. Org., 16:731 An estimated 2.5 to 3.0 million Americans are afflicted 

(1988) . have demonstrated the viability and regeneration of with Alzheimer's disease. The disease is characterized by a 
microencapsulated rat hepatocytes implanted into mice. progressive loss of cognitive function associated with 
Viable hepatocytes were microencapsulated in alginate- 25 degeneration of basal forebrain cholinergic neurons. Studies 
poly-(L-lysine) and implanted intraperitoneally into normal in animals indicate that Nerve Growth Factor (NGF). e.g., 
and galactosamine-induced liver failure mice. Eight days brain-derived neurotrophic factor (BDNF) and 
after implantation in the mice with induced liver failure, the neurotrophin-3 (NT-3), available from Regeneron and 
viability of the encapsulated rat hepatocytes increased from Amgen, respectively, and other neurotropic factors normally 
42% to nearly 100%. After 29 days, the viability of the 30 act to support the viability and function of these neuron 
encapsulated hepatocytes implanted in normal mice also ceDs.andmatcontmuousinfusionofNGFintotheventricles 
increased from 42% to nearly 100%. By contrast, free rat ; can prevent injury-induced degeneration of cholinergic neu- 
hepatocytes implanted into mice all died within four or five rons as described in Williams et al., P.N.A.S., USA, 83:923 1 
days after xenotransplantation. The uncoated beads of the (1986). This treatment correlates with improved cognitive 
invention are well-suited to treat hepatic failure. 35 function in rodents with memory impairment as described in 

Other investigators have shown that microencapsulated Fisher et al., Neurobiol. Aging, 10:89 (1989). 

hepatocytes continue the synthesis and secretion of many These studies suggest that uncoated gel beads containing 

specific proteins and enzymes. Cai et al., Hepatology, grafts of recombinant or natural NGF-secreting tissue such 

10:855 (1989), developed and evaluated a system of as astroglial cells or developing skin, can be used to treat 

microencapsulation of primary rat hepatocytes. Urea 40 patients suffering from Alzheimer's disease, 

formation, prothrombin and cholinesterase activity, the Gene Therapy 

incorporation of tritiated leucine into intracellular proteins, Gene therapy is an approach to treating a broad range of 
and the immunolocation of synthesized albumin were moni- diseases by delivering therapeutic genes directly into the 
tored in culture. Despite gradual decreases in some of these human body. Diseases that can potentially be cured by gene 
activities, the encapsulated hepatocytes continued to func- 45 therapy include diseases associated with the aging popula- 
tion throughout the 35-day observation period. In addition, tion such as cancer, heart disease, Alzheimer's disease, high 
Bruni and Chang, Biomat. Art. Cells Art. Org., 17:403 blood pressure, atherosclerosis and arthritis; viral infectious 

(1989) ,demonstrated the u se of m ic ro e n c apsulated -hepate disea ses s u ch as acquired immune deficiency syndrome 



cytes to lower bilirubin levels in hyperbilirubinemia. (AIDS) and herpes; and inherited diseases such as diabetes. 
Microencapsulated hepatocytes were injected into the peri- 50 hemophilia, cystic fibrosis, and muscular dystrophy. 

luneal cavity of Giuun rats. Bilirubin dropped from 14mg/ Li one particular example, a favored approach for human 

100ml to 6 mg/lOOml, and remained depressed after 90 gene therapy involves the transplantation of genetically- 
days. Again, the uncoated gel beads of the invention can be altered cells into patients, e.g., as described Rosenberg, et 
used as described above to treat these hepatic diseases. al.. New Eng. J. Med., 323:570-578 (1988). This approach 

Parkinson's Disease 55 requires the surgical removal of cells from each patient to 

Parkinson's disease is a neuronal system disease, involv- isolate target cells from nontarget cells. Genes are intro- 
ing a degeneration of the nigrostriatal dopaminergic system duced into these cells via viral vectors or other means. 
Experimental work in both rodents and nonhuman primates followed by transplantation of the genetically-altered cells 
has shown that transplantation of fetal tissue containing back into the patient. Although this approach is useful for 
substantia nigra (dopaminergic) neurons from ventral mes- 60 purposes such as enzyme replacement therapy (for example, 
encephalon to dopamine-depleted striatum reinstates near- for transplantation into a patient of cells that secrete a 
normal dopamine innervation and reduces motor abnormali- hormone that diseased cells can no longer secrete), trans- 
ties. In addition, implantation of adrenal chromafEn cells has plantation strategies are less likely to be suitable for treating 
been shown to reverse chemically-induced Parkinson's dis- diseases such as cystic fibrosis or cancer, where the diseased 
ease in rodents. 65 cells themselves must be corrected. Other problems com- 

Widner et al.. Transplant Proc, 23:793 (1991). recently monly encountered with this approach include technical 
reported evidence of fetal nigral allograft survival and problems, including inefficient transduction of stem cells. 
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low expression of the transgene, and growth of cells in tissue condition similar to Huntington' s disease and reversed some 

culture which may select for cells that are predisposed to of the damaged nerve networks that, in Huntington's 

cancer. patients, lead to progressive loss of control over the body. 

The uncoated particles of the invention are well suited to Similarly, Huntington's disease in human patients can be 

avoid these problems, because they allow the use of standard 5 treated by the administration of uncoated beads that contain 

human cell lines of, e.g., fibroblast cells, epithelial cells such human or recombinant cells that secrete the appropriate 

as HeLa cells, and hepatoma cells such as HepG2. as the neurotrophic factors, 

implanted cells, rather than requiring the surgical removal of Spinal Cord Injuries 

cells from the patient. These cell lines are genetically altered The majority of spinal cord injuries result from damage to 

as required by standard techniques and are encapsulated and 10 the surrounding vertebral column, from fracture, dislocation, 

implanted into the patient. These cell lines are much easier or both. Treatment of such injuries involves the administra- 

to obtain, culture, and work with than individual patients' tion of nerve growth factors such as ciliary neurotropic 

cells. Moreover, since the uncoated particles prevent the factor (CNTF), insulin-like growth factor (IGF-1), and neu- 

patient's immune system from recognizing and attacking the rotropic factors, to enhance the repair of the central and 

implanted cells, any human cell lines can be used, making is peripheral nervous system. Thus, uncoated gel beads con- 

the technique of gene therapy more universally applicable. taining cells that secrete such factors, either naturally or 

Hypoparathyrodism through genetic engineering, can be used to treat spinal cord 

Acute and chronic symptoms of hypoparathyroidism injuries, 

result from untreated hypocalcemia, and are shared by both Mood (or Affective) Disorders 

hereditary and acquired hypoparathyroidism. The hereditary 20 Mood disorders are a group of mental disorders such as 

form typically occurs as an isolated entity without other schizophrenia characterized by extreme exaggerations and 

endocrine or dermatologic manifestations or, more typically, disturbances of mood and affect associated with physiologic 

in association with other abnormalities such as defective (vegetative), cognitive, and psychomotor dysfunctions, 

development of the thymus or failure of other endocrine Many mood disorders are associated with medical diseases 

organs such as the thyroid or ovary. Acquired hypoparathy- 25 that can be treated with uncoated gel beads containing the 

roidism is usually the result of inadvertent surgical removal appropriate cells such as hypothyroidism, Parkinson's 

of all the parathyroid glands, and is a problem in patients disease, Alzheimer's disease, and malignancies as discussed 

undergoing operations secondary to parathyroid adenoma or herein. In addition, it has been shown that the neurotrans- 

hyperplasia. Hypoparathyroidism has been treated in hypoc- mitter 5-hydroxyindol acetic acid (5-HIAA), a serotonin 

alcemic rats by the adrmnistration of microencapsulated 30 metabolite, is reduced in the cerebral spinal fluid of 

parathyroid cells that served as a bioartificial parathyroid. depressed patients. Deficits in other neurotransmitters such 

Parathyroid cells can also be encapsulated in the uncoated as dopamine and gamma-aminobutyric acid (GABA) have 

gel beads of the invention for use in administration to animal also been identified in patients with major depression. . 

and human patients. Therefore, uncoated gel beads containing cells that secrete 

Osteoporosis 35 these neurotransmitter are useful to treat these deficiencies. 

The term osteoporosis covers diseases of diverse etiology Motor Neuron Diseases 

that cause a reduction in the mass of bone per unit volume. Degenerative motor neuron diseases include ALS (see 

These diseases can be treated by the administration of above), heritable motor neuron diseases (spinal muscular 

uncoated gel beads containing cells that secrete insulin-like atrophy (SMA), and those associated with other degenera- 

growth factor (IGF-1). estrogen in postmenopausal woman 40 tive disorders such as olivopontocerebellar atrophies and 

to reduce the negative calcium balance and decrease urinary peroneal muscular atrophy. These diseases can be treated by 

hydroxyproline, androgens in the treatment of osteoporotic administration of uncoated gel beads containing cells that 

men with gonadal deficiency, or calcitonin for use in estab- secrete neurotropic factors like brain-derived neurotrophic 

lished osteoporosis. factor (BDNF), and neurotrophin-3 (NT-3). 

Reproductive Disorders 45 Acquired Immunodeficiency Syndrome (AIDS) 

There are numerous disorders of the ovary and female AIDS is caused by an underlying defect in cell-mediated 

reproductive tract that can be treated with progestogens, immunity due to the human immunodeficiency virus (HIV). 

estrogens, and other hormones. These include progestogen, and causes persistent constitutional symptoms and/or dis- 

e.g., progesterone, therapy to inhibit pituitary gonadotropins eases such as secondary infections, neoplasms, and neuro- 

(p r ecoc i ous puberty in girls) , and for prophy l ax is to preve n t so l og i c di se ase. Pat i e n ts c a n b e tre a ted to a melior a te symp- 

hyperplasia in PCOD. Estrogen therapy is used in the toms by immunologic augmentation with uncoated beads 

treatment of gonadal failure, control of fertility, and in the that contain cells genetically engineered to secrete, e.g., 

management of dysfunctional uterine bleeding. Androgens, recombinant human BL-2 (to decrease suppressor cell activ- 

gonadotropins, and other hormones are used to treat disor- ity resulting in an increased T cell adjuvant activity); or 

ders of the testis, e.g., androgen therapy in hypogonadal 55 recombinant human INF-y (macrophage augmentation), 

men, or gonadotropins to establish or restore fertility in AIDS-related tumors such as Kaposi's sarcoma can be 

patients with gonadotropin deficiency. Accordingly, these treated with encapsulated cells that secrete human 

diseases can be treated with uncoated beads containing the interferon-a, interleuMn-2 and tumor necrosis factor (TNF). 

appropriate hormone-producing cells. amyotrophic Lateral Sclerosis fLou Gehrig's Disease) 

Huntington's Disease 60 ALS is the most frequently encountered form of progres- 

Huntington's disease is characterized by a combination of sive motor neuron disease, and is characterized by progres- 

choreoathetotic movements and progressive dementia usu- sive loss of motor neurons, both in the cerebral cortex and 

ally beginning in midadult life. Distinctive for the disease is in the anterior horns of the spinal cord, together with their 

atrophy of the caudate nucleus and. to a lesser extent, other homologs in motor nuclei of the brainstem. ALS can be 

structures of the basal ganglia (putamen and globus 65 treated with uncoated beads that contain cells that secrete 

pallidus). Rodent cells that secrete neurotropic factors have nerve growth factors such as myotrophin, insulin-like 

been implanted into the brains of baboons that have a growth factor (IGF-1). ciliary neurotropic factor (CNTF), 
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brain-derived neurotrophic factor (BDNF) and mouse, with minimal inflammatory response or rejection of 
neurotrophin-3 (NT-3). Animal studies with these factors the donor cell by the host animal, said method comprising 
(IGF-1 is available from Cephalon, CNTF from Regeneton, the steps of 

and NT-3 from Amgen). have demonstrated that they can obtaining an uncoated particle consisting essentially of a 
stem the degenerative effects caused by nerve damage or 5 biocompatible, temperature-independent gel that 
disease. encapsulates the living donor cell, wherein said 

Cancer uncoated particle provides a molecular weight cutoff 

In most cases, cancer originates from a single stem cell that prevents host animal immune cells from entering 

which proliferates to form a clone of malignant cells. the particle, and does not prevent entry of host animal 

Growth is not properly regulated by the normal biochemical 1Q IgG and complement into said particle, wherein said 
and physical influences in the environment. There is also a particle has a diameter of 700-6.000 microns, and 

lack of normal, coordinated cell differentiation. Cancer cells implanting the uncoated particle into the host animal, 
develop the capacity for discontinuous growth and dissemi- 2. A method of claim 1, wherein said donor cell is 
nation to other parts of the body. obtained from an species that is the same as the host animal. 

Various cancers can be treated according to the invention 3. a method of claim 2, wherein the host animal is a dog. 
by the administration of uncoated gel beads containing cells 15 4. a method of claim 2, wherein the host animal is a 
that secrete interferon-cc (IFN-a) (for solid tumors, hairy cell human. 

leukemia. Kaposi's sarcoma, osteosarcoma, and various 5. A method of claim 4, wherein the donor cell is a 
lymphomas); recombinant interleukin-2 (IL-2) (for genetically altered human cell. 

melanoma, renal carcinoma, and Kaposi's sarcoma); tumor 6. A method of claim 1, wherein the donor cell is obtained 
necrosis factor (w/IL-2 for Kaposi's sarcoma); recombinant 20 from an animal species that is different from the host animal, 
human IFN-a and recombinant human colony stimulating 7. A method of claim 6, wherein the host animal is a dog. 
factor-granulocyte macrophage (CSF-gm) (for Kaposi's 8. A method of claim 6, wherein the host animal is a 
sarcoma): recombinant human INF-y (for macrophage human. 

augmentation); CSF (for aggressive chemotherapy, bone 9 - A method of claim 8. wherein the donor cell is a 
marrow transplantation, priming of leukemic cells to 25 porcine, bovine, or canine cell. 

enhance sensitivity to chemotherapy and to support dose 10 - A method of clam 8 - wherein the donor cell is a 
intensification); ciliary neurotropic factor (CNTF) and pancreatic islet cell. 

insulin-like growth factor (IGF-1) (for peripheral neuropa- u - A method of claim ^ wherein me donor cel1 secretes 
thies caused by chemotherapy); adrenal gland cells (for pain Factor . K > Factor ^ an mterleuMn, an interferon, or an 
relief when injected into the lower spine to secrete natural 30 endocrine hormone. 

painkillers) and progestogen-producing cells (for palliation 12 - A method of claim 1, wherem the donor cell secretes 
in endometrial and breast carcinoma). a nerve growth factor, tumor necrosis factor alpha, a neu- 

Duchenne's Muscular Dystrophy rotropic factor, or a neurotransmitter. 

Duchenne's dysliophy is an X-linked recessive disorder A method of claim 1. wherein said gel particle is 

characterized by progressive weakness of girdle muscles. & spherical and has a diameter of from 1,500-3,500 microns, 
inability to walk after age 12, kyphoscoliosis (curvature of 14 - A method of claim 13, wherein said gel particle has a 
the spine), and respiratory failure after the fourth decade. diameter of from 2000 to 4500 microns. 
This disease can be treated by administration of uncoated ls - A method of claim 1, wherein said gel is an alginate 
beads containing myoblast cells and growth factors. Myo- or alginate derivative. 

blasts have been injected into young boys with Duchenne's 40 16 A method of claim 15. wherein said alginate is 
muscular dystrophy to determine whether the cells can crosslinked with an ion. 

supply a structural protein that is missing. Researchers have 17 - A method of claim 16, wherein said alginate is 
observed muscle strength improvement in several of the crosslinked with a calcium salt 

foyg 18. A method of claim 1, wherein said uncoated gel 

Epilepsy 45 particle is biodegradable. 

The epilepsies are a group of disorders characterized by 19 - A method of claim 18, wherein a rate of degradation 
chronic, recurrent, paroxysmal changes in neurologic func- of said gel in said uncoated particle is selected to match a life 

don caused by abnormalities in the elec trical ac tivity of t he expectancy of said d eaer-eea 

brain. Li some forms of focal epilepsy, inhibitory interneu- 20 - A method of claim 1, wherein said uncoated particle 
rons appear to be preferentially lost. Treatment with neuro- » jmopmla teg an autologous erythrocyte in addition to the 
tropic factors and other neuropeptides such as has been donor cell. 

found effective. Therefore, the uncoated beads of the inven- 21 - A metl "> d of claim 1, wherein said uncoated particle 
tion containing cells secreting these factors can be used to containing a living cell is treated with a nitric oxide inhibitor 
treat epilepsy. P rior t0 implantation. 

55 22. A method of claim 1, further comprising the step of 
Other Embodiments administering a drug to the host animal at a dosage effective 

It is to be understood that while the invention has been to inhibit fibrosis and inflammation around said uncoated 
described in conjunction with the detailed description particle, but at a dosage lower than that required to achieve 
thereof, that the foregoing description is intended to illus- immunosuppression when said donor cell is implanted into 
trate and not limit the scope of the invention, which is 60 the host animal without encapsulation, 
defined by the scope of the appended claims. Other aspects, 23. A method of claim 22, wherein said drug is 
advantages, and modifications within the scope of the inven- cyclosporin A and is administered at a dosage that achieves 
tion will be apparent to those skilled in the art to which the a whole blood trough level of less than about 100 ng/ml in 
invention pertains. the host animal. 

What is claimed is: 65 24. A method of claim 22. wherein said drug is adminis- 

1. A method of implanting a living donor cell into a host tered for up to one month after implantation, and is then no 
animal, wherein said animal is a mammal larger than a rat or longer administered. 
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25. A method of implanting a living donor cell into a host 
animal, wherein said animal is a mammal larger than a rat or 
mouse, with inflammatory response or rejection of the donor 
cell by the host animal, said method comprising the steps of 

suspending the living donor cell in a liquid medium, said 5 
medium consisting essentially of water and a 
biocompatible, temperature-independent liquid gel, 

forming a droplet of said liquid medium that contains at 
least one living cell. 

solidifying said droplet to form a gel particle that encap- 10 
sulates the living cell, whereby no outer coating is 
formed on said particle, and wherein said uncoated 
particle provides a molecular weight cutoff that pre- 
vents host animal immune cells from entering the 
particle, and does not prevent entry of host animal IgG 
and complement into said particle, wherein said par- 
ticle has a diameter of 700-6,000 microns, and 

implanting the uncoated particle into the host. 

26. A method of claim 25, wherein said liquid medium 20 
contains pancreatic islets. 

27. A method of claim 25, wherein said pancreatic islets 
are contained in said liquid medium at a density of 10,000 
to 35,000 islets per milliliter of said medium. 

28. A method of claim 25. wherein said liquid medium 25 
contains living cells at a density of about 10 s to 10 s cells per 
milliliter of said medium. 

29. A method of treating a disease in a patient, wherein 
said patient is a mammal larger than a rat or mouse, caused 
by a deficient production of a substance in the patient, said 30 
method comprising the steps of 

obtaining an uncoated particle consisting essentially of a 
biocompatible, temperature- independent gel that 
encapsulates a living donor cell that secretes said 
substance, wherein said uncoated particle provides a 35 
molecular weight cutoff that prevents patient immune 
cells from entering the particle, and does not prevent 
entry of patient IgG and complement into said particle, 
wherein said particle has a diameter of 700-6.000 
microns, and 40 

implanting the uncoated particle into the patient in a 
location and in a manner that allows the living cell to 
remain physiologically active and secrete said sub- 
stance into the patient to treat said disease. 

30. A method of claim 29, wherein the donor cell is 45 
obtained from an animal species that is the same as the 
patient. 



dystrophy, infertility, epilepsy, Huntington's disease, 
hypoparathyroidism, a mood disorder, a motor neuron 
disease, osteoporosis, or Alzheimer's disease. 

41. A method of claim 29. wherein the gel particles are 
implanted into an immunoprivileged site in the patient. 

42. An in vivo method of culturing a living cell, said 
method comprising the steps of 

encapsulating the living cell in an uncoated particle 
consisting essentially of a biocompatible, temperature- 
independent gel, 
inserting said uncoated particle into an animal, and 
allowing said animal to thrive, thereby culturing the cell 
wherein said animal is a mammal larger than a rat or 
mouse, wherein said particle has a diameter of 700-6, 
000 microns and wherein said uncoated particle pro- 
vides a molecular weight cutoff that prevents host 
animal immune cells from entering the particle, and 
does not prevent entry of host animal IgG and comple- 
ment into said particle. 

43. An in vitro melhod of culturing a living cell, said 
method comprising the steps of 

encapsulating the living cell in an uncoated particle 
consisting essentially of a biocompatible, temperature- 
independent gel. wherein said particle has a diameter of 
700-6,000 microns and wherein said uncoated particle 
provides a molecular weight cutoff that prevents host 
animal immune cells from entering the particle, and 
does not prevent entry of host animal IgG and comple- 
ment into said particle 

placing said uncoated particle into a medium including 
nutrients and oxygen, and 

maintaining a sufficient amount of nutrients and oxygen in 
said medium to allow the cell to thrive, thereby cul- 
turing the cell. 

44. A method of manufacturing uncoated, temperature- 
independent gel particles containing living cells consisting 
of the steps of 

suspending the living cells in a liquid medium, said 
medium consisting essentially of water and a 
biocompatible, temperature-independent, liquid gel, 

forming a droplet of said liquid medium, 

solidifying said droplet to form a gel particle that encap- 
sulates the living cells, whereby no outer coating is 
formed on said particle, wherein said particle has a 
diameter of 700-6,000 um and wherein said uncoated 
particle provides a molecular weight cutoff that pre- 
vents host animal immune cells from entering the 
particle, and does not prevent entry of host animal IgG 



31. A method of claim 30, wherein the patient is a dog. 

32. Amethod of claim 30, wherein the patient is a human. 

33 . A m e thod of c l a i m 32 . where in the donor c e ll is a 50 



genetically altered human cell. 

34. A method of claim 29, wherein the donor cell is 
obtained from a species that is different from the patient. 

35. A method of claim 34, wherein the patient is a dog. 

36. A method of claim 34, wherein the patient is a human. 55 

37. A method of claim 29. wherein the donor cell is a 
porcine, bovine, canine, bacterial, fungal, or plant cell. 

38. A method of claim 29, wherein the disease is diabetes 
and the donor cell is a pancreatic islet cell. 

39. A method of claim 29, wherein the donor cell secretes 60 
Factor IX, Factor VHI, an interleukin, an interferon, an 
endocrine hormone, a nerve growth factor, tumor necrosis 
factor alpha, a neurotropic factor, or a neurotransmitter. 

40. A method of claim 29, wherein the disease is diabetes 
mellitus. hepatic disease, amyotrophic lateral sclerosis, 65 
hemophilia, hypothyroidism. Parkinson's disease, acquired 
immune deficiency syndrome, Duchenne's muscular 



and complement into said particle, and 
storing said gelled uncoated particles in a nutrient 
medium to maintain the viability of the living cells. 

45. A method of claim 22. wherein said drug is a nonste- 
roidal anti-inflammatory drug. 

46. Amethod of implanting a living donor cell into a host 
animal, wherein said animal is a mammal larger than a rat or 
mouse, with minimal inflammatory response or rejection of 
the donor cell by the host animal, said method comprising 
the steps of 

obtaining an uncoated particle consisting essentially of a 
biocompatible, temperature- independent gel that 
encapsulates the living donor cell, wherein said 
uncoated particle provides a molecular weight cutoff 
that prevents host animal immune cells from entering 
the particle, and does not prevent entry of host animal 
IgG and complement into said particle. 
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implanting the uncoated particle into the host animal, and 
administering a drug to the host animal at a dosage 
effective to inhibit fibrosis and inflammation of the 
uncoated particle, but at a dosage lower than that 
required to achieve immunosuppression when the 
donor cell is implanted into the host animal without 
encapsulation. 

47. A method of claim 46. wherein said donor cell is 
obtained from an species that is the same as the host animal. 

48. A method of claim 46, wherein the host animal is a 
human. 

49. A method of claim 46, wherein the donor cell is a 
genetically altered human cell. 

50. A method of claim 46, wherein the donor cell is 
obtained from an animal species that is different from the 
host animal. 

51. A method of claim 50, wherein the host animal is a 
human. 

52. A method of claim 50, wherein the donor cell is a 
porcine, bovine, or canine cell. 

53. A method of claim 46. wherein the donor cell is a 
pancreatic islet cell. 

54. A method of claim 46. wherein the donor cell secretes 
Factor DC Factor VHI, an interleukin, an interferon, or an 
endocrine hormone. 
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55. A method of claim 46, wherein the donor cell secretes 
a nerve growth factor, tumor necrosis factor alpha, a neu- 
rotropic factor, or a neurotransmitter. 

56. A method of claim 46. wherein said gel particle is 
5 spherical and has a diameter of from 50 to 6000 microns. 

57. A method of claim 46, wherein said gel is an alginate 
or alginate derivative. 

58. A method of claim 46, wherein said drug is 
cyclosporin A and is administered at a dosage that achieves 
a whole blood trough level of less than about 100 ng/ml in 
the host animal. 

59. A method of claim 46, wherein said drug is adminis- 
tered for up to one month after implantation, and is then no 
longer administered. 

60. A method of claim 46, wherein said drug is a nonste- 
15 roidal antiinflammatory drug. 

61. A method of claim 1. wherein said particle is other 
than a sphere. 

62. A method of claim 25. wherein said particle is other 
than a sphere. 

20 63. A method of claim 29, wherein said particle is other 
than a sphere. 

64. A method of claim 46, wherein said particle is other 
than a sphere. 

***** 
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[57] ABSTRACT 

A method of treating a disease is provided that results from 
a deficiency of a biological factor which comprises admin- 
istering to a mammal Sertoli cells and cells that produce the 
biological factor. A method of treating diabetes mellitus is 
carried out by transplanting pancreatic islet of Langerhans 
cells in conjunction with Sertoli cells to create an immuno- 
logically privileged site. A method of creating an immuno- 
logically privileged site and providing cell stimulatory fac- 
tors in a mammal for transplants is also carried out. A 
method of co-localizing islet cells with Sertoli cells and the 
use of the co-localized product for treating diabetes mellitus 
is further provided. Further described is a method of creating 
systemic tolerance to foreign antigens. A method of enhanc- 
ing the viability, maturation, proliferation of functional 
capacity of cells in tissue culture is also provided. In 
addition, a pharmaceutical composition comprising Sertoli 
cells and cells that produce a biological factor is provided. 

50 Claims, 12 Drawing Sheets 
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TREATMENT METHODS FOR DISEASE wise fatal condition. Such transplants, however, are often 

USING CO-LOCALIZED CELLS AND rejected by the body due to an immune response initiated in 

SERTOLI CELLS OBTAINED FROM A CELL response to the foreign tissue or cells. Presently, the only 

LINE recourse to combat this immune response is to administer 
5 chronic nonspecific immunosuppression agents. 

CROSS-REFERENCE OF RELATED Unfortunately, this only trades the complications of one 

APPLICATIONS chronic disease with other complications caused by the 

This application is a continuation-in-part of U.S. Ser. No. immunosuppression agent. 

08/485,340 filed on Jun. 7, 1995, now U.S. Pat. No. 5,849, One disease which scientists have attempted to treat with 

285, which is a continuation-in-part of U.S. Ser. No. 08/421, 10 organ and/or cellular transplants but have had very limited 

641 filed on Apr. 13, 1995, now U.S. Pat. No. 5,725,854 success is diabetes mellitus. Diabetes mellitus is a prevalent 

which is a continuation-in-part of U.S. Ser. No. 08/211,695 degenerative disease in mammals. It is characterized by a 

filed on Apr. 13, 1994 now abandoned. relative or complete lack of insulin secretion by the beta 

This invention was made with United States government cells within the islets of Langerhans of the pancreas or by 

support under grant DK42421 awarded by the National 15 defective m& ^ lm receptors. 

Institutes of Health. The United States Government may Trjis insulin deficiency prevents normal regulation of 

have certain rights in the invention. blood glucose levels and often leads to hyperglycemia and 

ketoacidosis. When administered to a mammal, insulin 

FIELD OF THE INVENTION promotes glucose utilization, protein synthesis, formation 

Transplants of healthy organs or cells into a patient 2 ° ^nd storage of neutral lipids and the growth of certain cell 

suffering from a disease are often rejected by the body due ypeS ' 

to an immune response initiated in response to the foreign In the United States alone there Mf> approximately 13 

tissue or cells. The present invention provides a method of million diabetics. Of these, 2.6 million are insulin dependent 

cellular transplantation in which an immunologically privi- 25 diabetics. Drug & Market Dev., 4:210 (1994). Health care 

leged site is created and cell stimulatory factors are analysts estimate that diabetes costs $92 billion a year 

produced, thus alleviating the rejection associated with resulting from medical costs and lost productivity, 

conventional transplantation therapy. Specifically, the The various forms of diabetes have been organized into a 

present invention describes a method of treating a disease series of categories developed by the National Diabetes Data 

that results from a deficiency of a biological factor which 30 Group of the National Institutes of Health. Type I diabetes 

comprises administering to a mammal Sertoli cells and cells m this classification scheme includes patients dependent 

that produce the biological factor. In particular, the present u P on insulin to prevent ketosis. This group of diabetics was 

invention describes a method of treating diabetes inellitus by previously called juvenile-onset diabetes, brittle diabetes or 

transplanting pancreatic islet of Langerhans cells in con- ketosis-prone diabetes. Type I diabetes is caused by an 

junction with Sertoli cells to create an immunologically 35 autoimmune reaction that causes complete destruction of 

privileged site and to provide pancreatic islet cell stimula- b eta cells. 

tory factors. A method of creating an immunologically Type II diabetes is classified as adult-onset diabetics. The 
privileged site and providing cell stimulatory factors in a diabetic patient may or may not be insulin dependent. Type 
mammal for transplants is further described by the present II diabetes can be caused by a number of factors. For most 
invention. A method of creating systemic tolerance to trans- 40 mammals with Type II diabetes, the beta islet cells are 
plants is further provided by the present invention. The defective in the secretion of insulin, 
present invention further describes a method of enhancing There are many therapies currently used to treat diabetes, 
the maturation, proliferation and functional capacity of cells however, each has its limitations. The major problem con- 
in tissue culture by coculturing these cells with Sertoli cells. fronting most patients with diabetes mellitus is that currently 
A method of enhancing the recovery rate and viability of 4S available therapies fail to prevent the complications of the 
frozen cells, and in particular factor producing cells, in disease process. The most common method of treating Type 
tissue culture by co-culturing these cells with Sertoli cells is I diabetes in mammals is providing an endogenous source of 

also described herein. Another aspect of the present inven- insulin such as porcine, bovine or human insulin Insulin 

tion is directed to a method of co-localizing Sertoli cells with injection therapy prevents severe hyperglycemia and 

cells that produce a biological factor for treating diseases 50 ketoacidosis, but does not completely normalize blood glu- 

caused by a d e fici e ncy ther e of, e. g . , encapsulating islet cells cose levels. This treatment further fails to prevent the 

which produce insulin with Sertoli cells. The use of the complications of the disease process, including premature 

co-localized, e.g., encapsulated Sertoli cells and islet cells vascular deterioration. Premature vascular deterioration is 

for treating diabetes mellitus is further described by the the leading cause of morbidity among diabetic patients, 

present invention. A pharmaceutical composition compris- 55 Furthermore, complications resulting from long-term diabe- 

ing Sertoli cells and cells that produce a biological factor is tes include renal failure, retinal deterioration, angina 

also provided. pectoris, arteriosclerosis, myocardial infarction and periph- 

BACKGROUND OF THE INVENTION neur °P ath y ; . 

A second method of treating diabetes is by transplanting 
Certain chronic diseases destroy the functional cells in 60 the pancreas in conjunction with the administration of 
affected organs. Mammals with such diseases are often chronic nonspecific immunosuppression agents. This treat- 
unable to produce proteins or hormones necessary to main- ment is usually given to an individual who has advanced 
tain homeostasis and usually require numerous exogenous diabetes, such as an individual with kidney failure. Whole 
substances to survive. Transplanting healthy organs or cells pancreas transplantation can be successfully done with a 
into a mammal suffering from such a disease may be 65 75% one year survival rate, but surgical transplantation of 
necessary to save the mammal's life. This type of therapy is the pancreas is very difficult. Furthermore, since the entire 
generally regarded as a last alternative to curing an other- organ must be donated, the only practicable source is a 
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deceased donor. In addition, when cyclosporine, the most in a mammal which comprises administering Sertoli cells 

common immunosuppressive drug used for organ and cells that produce the biological factor. In a preferred 

transplants, is administered in a dosage necessary to sup- embodiment, the biological factor is a hormone, 

press the immune response, the drug inhibits pancreatic cell In a more preferred embodiment, the disease is diabetes 

function. Furthermore, the steroids that are often adminis- 5 mellitus, the factor producing cells are pancreatic islet cells 

tered with an organ transplant often cause the patient to and the factor is insulin. 

become diabetic. In ygt another embodiment the cells that produce the 

A third treatment involves transplanting islet of Langer- biological factors are cells that have been genetically 

hans cells into the diabetic patient. However, islet transplan- engineered, for example by transformation with a nucleic 

tation has been generally unsuccessful due to the aggressive 10 acid that expresses the biological factor, 

immune rejection of islet grafts (Gray, 1991, Immunology The t invention farther rdates tQ a method f 

Letters 29:153, Jung et al 1990, Seminars in Surgical treating diabetes mellitus in a mammal comprising admin- 

Oncology 6:122). In particular, successful transplantation of ^ reatic ^ cells and Sertoli cells F In a J refcrred 

isolated pancreatic islet cells has been very difficult to emb odiment the Sertoli cells and islet cells are administered 

achieve due to the chronic administration of immunosup- 15 t lantation . The Sertoli cells may be from a 

pressive drugs required to prevent organ rejection of the mammal Qr tfa be deriyed from a SertoH ceU ^ {q 

cells following transplantation. These dosages of immuno- accordance with the nt invention . 

suppressive drugs can cause increased susceptibility to . „ f , , „ 

infection, hypertension, renal failure and tumor growth. Another as P ect of , thls invention is directed to a method of 

Furthermore, unlike most organ transplants, islet cells must 20 creating an immunologically privileged site and producing 

grow their own blood supply following implantation in the cel1 stimulatory factors m a mammal, 

host in order for the cells to survive. Conventional trans- A further aspect of the present invention is directed to a 

plantation techniques do not provide the necessary factors to method of creating systemic tolerance to a subsequent 

stimulate the production of new blood vessels. transplant in a mammal by transplanting Sertoli cells prior to 

Thus, to successfully transplant cells in a mammal, it is 25 said subsequent transplant, 
necessary that the cellular transplants are not rejected by the St "l a further aspect of the present invention provides a 
recipient and have the capacity to grow upon transplanta- method of enhancing the maturation, proliferation and func- 
tion. As a commercial reality, it is further necessary that a lional capacity of cells in tissue culture by co-culturing these 
sufficient quantity of cells are available for transplantation. c^k w i tn Sertoli cells. 

Traditionally, the number of cellular transplants have been 30 A method of enhancing the recovery rate and viability of 
limited by the inability to adequately collect and store a frozen mammalian cells and in particular factor producing 
sufficient number of cells for transplantation. Conventional cells, in tissue culture by co-culturing these cells with Sertoli 
storage techniques, such as cryopreservation, often damage cells is further provided by the invention described herein, 
a large quantity of the stored cells. Porcine islet cells, for Another aspect of the present invention is directed to a 
example, are extremely fragile and easily dissociate into method of co-localizing, e.g., encapsulating the biological 
fragments or single cells upon thawing. f act0 r producing cells, e.g., islet cells, with Sertoli cells and 
The present invention alleviates many of the problems to the use of the co-localized product for enhancing long- 
associated with the current therapies for chronic diseases term immunoprotection and nutritional survival of islets and 
that destroy the functional cells of vital organs. Specifically, 4Q for the treatment of diabetes. 

the present invention provides a method of creating systemic Yet another embodiment of the present invention provides 

tolerance to subsequent transplants in the mammal. a pharmaceutical composition comprising Sertoli cells and 

Furthermore, the present invention solves the problems cells that produce a biological factor. In a preferred embodi- 

associated with the conventional therapies for diabetes ment the pharmaceutical composition comprises Sertoli 

mellitus, by providing a method of transplanting pancreatic 45 ce iis and pancreatic islet cells and a pharmaceutically 

islets cells into a diabetic mammal, whereby the cellular acceptable carrier. 

transplants produce insulin in the diabetic mammal. The The Qt mvention Mer ^ a compartmental . 

present inventor has previously demonstrated extended ized ^ conta ini ng Sertoli cells and cells that produce a 

functional survival of islet ceUs allografts and xenografts in biol ical factor . ^ article of manu f acture comprising a 

the testis. (Selawry et al, 1989, Diabetes 38:220.) It has 5Q ^ ^ SertoU ^ contained ^ ^ 

been surprisingly discovered in accordance with the present k ■ ]s ^ id c d 

mvention that an immunologically privileged site can be 

created in a mammal by transplanting Sertoli cells to a BRIEF DESCRIPTION OF THE DRAWINGS 
nontesticular site in a mammal. The newly created immu- 
nologically privileged site allows the transplantation and 55 FIG. 1 shows the glucose responses to oral sustacal 
survival of cells that produce biological factors useful in the tolerance tests done on the monkey "Lucky" at intervals 
treatment of diseases, especially diabetes. In addition to before pancreatectomy (Lucky-pre); after pancreatectomy 
creating an immunologically privileged site, the Sertoli cells but prior to transplantations (Lucky-post); and at intervals 
produce cell stimulatory factors which enhance the following transplantation (143 days, 730 days and 930 days, 
maturation, proliferation and functional capacity of cells. 6Q respectively). 

Sertoli cells have further been found to enhance the recovery FIG. 2 shows the C-peptide responses to an oral sustacal 

rate and viability of mammalian cells stored by techniques tolerance test at the same time intervals as depicted in FIG. 

such as cryopreservation. 1. 

SUMMARY OF THE INVENTION _ ^ £™ £ ^£7" " ^ 

The present invention relates to a method of treating a FIG. 4 shows the C-peptide responses in the same animal 

disease that results from a deficiency of a biological factor and at the same intervals depicted for FIG. 3. 
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FIGS. 5a and 5b show the effect of intratesticular islet the same species as the mammal to be treated or from a 

allografts on serum glucose levels and the insulin responses different species. Further, the Sertoli cells and the cells that 

to oral glucose in spontaneously diabetic BB/Wor dp rats. produce the biological factor need not be derived from the 

FIG. 5a shows the plasma glucose (mg/dl) concentrations in same species. It has been demonstrated in accordance with 

response to the oral glucose administration of 2 g/kg of a 5 the present invention that Sertoli cells from pigs in conjunc- 

50% glucose solution in three groups of rats: untreated tion with islet of Langerhans from pigs can be used in the 

control Sprague Dawley, transplanted diabetic BB/Wor dp, treatment of diabetes mellitus in rats. In a preferred embodi- 

and insulin treated diabetic BB/Wor dp rats. FIG. Sb shows ment the Sertoli cells are bovine, porcine or human, 

the serum insulin levels in response to the same dose of oral Sertoli cells, which are the predominant cells of male 

glucose in untreated control Sprague Dawley, and in trans- 1Q testes, used in the method described by the present invention 

planted BB/Wor dp rats. can be separated from other testicular cells such as Leydig 

FIGS. 6a and 6b show the effect of intratesticular islet ce ll s , peritubular cells and germ cells, using conventional 

allografts on plasma glucagon secretory responses to oral techniques. For example, the testes of a male mammal, such 

glucose and a combination of glucose plus glipizide in a s a boar or ram, are first collected by castration. The testes 

spontaneously diabetic BB/Wor dp rats. FIG. 6a shows the J5 are then chopped into several pieces and subsequently 

plasma glucagon responses to the oral administration of 2 washed by centrifugation. 

g/kg of a 50% glucose solution in three groups of rats: Testicular Leydig cells can be removed from the tissue 

untreated control Sprague Dawley, transplanted diabetic suspen sion using digestion agents such as trypsin and 

BB/Wor dp, and insulin treated diabetic BB/Wor dp rats. DNase . The rema ining cell suspension is then washed by 

FIG. 6b shows the plasma glucagon responses to the oral 2Q centrifugation several times. The pellet is resuspended in 

administration of 7 mg/kg of glipizide and 2 g/kg of a 50% collagenase, incubated and washed by centrifugation to 

glucose solution, administered 30 minutes later, in three eliminate peritubular cells within the testes. Testicular germ 

groups of rats: untreated control Sprague Dawley, trans- cells can be rern oved by incubating the pellet with hyalu- 

planted diabetic BB/Wor dp, and insulin treated diabetic ron idase and DNase. After several washings by 

BB/Wor dp rats. Data points are mean±SE of eight animals 2$ centrifugation, the Sertoli cells are collected to transplant 

in each group. using tt(e metn0( j 0 f tne present invention. 

FIG. 7 shows a light micrograph of the pancreatic islets of In accordance with the present invention, the Sertoli cells 

Langerhans and the isolated rat Sertoli cells transplanted may be obtained by various methodologies which establish 

into the renal subcapsular space of a diabetic rat. a line of cells derived from primary aaaaes of mammalian 

FIG. 8 shows an electron micrograph of an individual cell 30 Sertoli cells. In one embodiment the Sertoli cells are immor- 

within the transplanted islet. talized with a chemical or viral transformant, e.g., a 

FIG. 9 shows an electron micrograph of the fine structure temperature-sensitive mutant of the SV40 virus that allows 

of the extra-islet cells labeled "S" in FIG. 7. propagation and promotes differentiation of the cells. In 

FIG. 10 shows the effect of transplantation of piglet islets another embodiment Sertoli cells are isolated from mam- 
and Sertoli cells underneath the renal capsule on the mean 35 malian tissue by conventional means using various hydro- 
daily urine output of seven grafted female rat recipients. lytic enzymes such as collagenase, hyaluronidase, and the 
Each bar represents the mean daily urine output over a like. The cells are further isolated from the tissue by such 
ten-day period following transplantation. conventional methods as filtering and centrifugation to 

FIG. 11 shows the effect of the transplantation of piglet obtain a purified Sertoli cell population. The isolated and 

islets and Sertoli cells underneath the skin on the mean daily 40 purified Sertoli cells are next incubated and conventionally 

urine volumes of three rats over a 50-day period. immortalized under conditions known in the art such as 

FIG. 12 shows the light photomicrograph of pig islets of treating said cells with a chemical, that transforms the DNA 

Langerhans and rat Sertoli cells transplanted into the renal thereof, e.g. a mutagen. Examples include 

subcapsular space of a diabetic rat. IL shows the presence of N-nitrosylmethylureas, nitrous acid, hypoxanthine, nitro- 

islands of beta cells (IL) surrounded by an infiltration of 45 samines (see, Freshney, I. R. in Culture of Animal Cells, A 

small lymphocytes underneath the renal capsule (K); B Manual of Basic Technique, 3 ed., Chapter 15, Wiley-Liss, 

(upper left) shows at higher magnification that the islands New York )- Alternately, the isolated purified Sertoli cells are 

(IL) consist of beta cells and B (lower right) shows that beta incubated in a vims-containing medium consisting of, e . g . , 

cells contain characteristic insulin granules. SV4 ° ^ ms or polyoma virus and a conventional growth 

„™.„„ „„„„,„ m 50 medium such as F12/DMEM, for sufficient time to propa- 

DETAILED DESCRIPTION OF THE gate the Sertoli cells, which are then isolat e d from th e v 



INVENTION j£ an m f e ctious virus cell is being utilized, then it is preferred 

The present invention is directed to a method of treating that the virus be attenuated by techniques known in the art. 

a disease that results from a deficiency of a biological factor The Sertoli cells may be isolated from the virus or chemical 

in mammals which comprises administering to a mammal 55 by conventional techniques employing hydrolytic enzymes. 

Sertoli cells and a therapeutically effective amount of cells To verify that the Sertoli cells are produced by this 

that produce the biological factor. As defined by the present methodology, the isolated Sertoli cells are optionally 

invention, a biological factor is a protein or nonprotein screened for the expression of an appropriate isolate for 

compound that is necessary for cellular metabolism and cloning, e.g., on the basis of expression of mRNAs encoding 

homeostasis. In a preferred embodiment, the biological 60 Sertoli cell-secreted proteins. 

factor is a hormone. Hormone producing cells which can be In accordance with the present invention, a biological 

administered using the method described in the present factor is a protein or nonprotein compound that is absent, 

invention include, for example, pancreatic islet of deficient or altered in a disease state. Cells that produce a 

Langerhans, pituitary, liver, parathyroid, thyroid and ovarian biological factor can be isolated, for example, by first 

cells. 65 surgically removing the tissue that produces the factor from 

In accordance with the present invention, the Sertoli cells a mammal. This tissue is subsequently chopped and digested 

and the cells that produce the biological factor can be from using conventional techniques. For example, the tissue can 
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be digested using a collagenase digestion. The particular source as described above. For example, insulin-producing 

factor producing cells can subsequently be collected from cells are isolated from the pancreas. In another preferred 

the digestion mixture using a separation gradient such as a embodiment, the factor producing cells are provided by 

Ficoll gradient. The factor producing cells are then grown in transforming suitable host cells with a nucleic acid capable 

tissue culture in serum using conventional techniques. 5 of expressing the factor of interest. Transformed cells are 

In accordance with the present invention, the factor pro- provided by methods known to one of ordinary skill in the 

ducing cells may be co-cultured with Sertoli cells in tissue art, and can be found in a myriad of textbooks and laboratory 

culture. Furthermore, factor-producing mammalian cells mammals, including Sambrook et al. (1989) Molecular 

may be co-cultured, co-localized or co-transplanted with Cloning: A Laboratory Mammal, Cold Spring Harbor 

Sertoli cells to enhance the maturation, proliferation and 1Q Laboratories, Cold Spring, N.Y. If necessary, the nucleic 

functional capacity of the mammalian cells. It has been acid encoding the factor of interest can be adapted by 

demonstrated in accordance with the present invention that methods known to one of ordinary skill in the art to effect 

the maturation of porcine islet cells was enhanced when secretion of the factor from the transformed cell. The 

these cells were co-cultured with Sertoli cells as evidenced utilization of Sertoli cells in conjunction with the factor 

by both the structural integrity and functionality of the producing cells in accordance with the method of the present 

porcine islet cells compared to the islet cells cultured 15 invention allows the production of an immunologically 

without Sertoli cells. Thus, maturation is defined by the privileged site and production of cell stimulatory factors in 

present invention as the process by which a cell develops the treated mammal. 

and becomes functional. The enhanced proliferation of por- The administration of factor producing cells and Sertoli 

cine islet cells co-cultured with Sertoli cells is evidenced by cells into a mammal is accomplished by conventional tech- 

the larger number of viable, insulin producing cells com- 20 niques. In a preferred embodiment, administration is by 

pared to porcine islet cells cultured without Sertoli cells. transplantation and the factor producing cells are injected 

Proliferation as used herein, is defined as a process in which into the mammal concurrently with or immediately after the 

cells multiply. The enhanced functional capacity of porcine injection of the Sertoli cells into the same site. In another 

islet cells cultured with Sertoli cells is evidenced by the embodiment, Sertoli cells and cells producing the biological 

greater capacity of the co-cultured islet cells to respond to 2 5 factor are co-localized and administered to a mammal. As an 

glucose and glucose plus Forskolin as insulin secretagogues. example, islets and Sertoli cells are co-encapsulated and 

Functional capacity is defined as the ability of a cell to injected into the mammal intraperitoneally. In another 

respond the biological environment and to generate various embodiment, co-localized islets and Sertoli cells are 

chemical and biological substances in response to the vari- transplanted, injected or provided into a biological or non- 

ous substances present in the biological environment (e.g. 30 biological biocompatible material (biomaterial). Examples 

when islet cells produce insulin in the presence of glucose). of a biological biocompatible material include an isolated 

Mammalian cells which can be co-cultured, co-localized segment of small intestine with intact circulation, a pouch 
or co-transplanted with Sertoli cells as described by the (e.g. an omental pouch or a gastric pouch etc.), a biocom- 
present invention include, for example, germ cells, such as patible polymeric scaffold, a polymeric sponge or matrix, 
sperm cells, oocytes, ovarian cells and zygotes; endocrine 35 and the like, prepared pursuant to conventional techniques, 
cells, such as pancreatic islet cells, chromaffin, thyroid cells, On the other hand, a non-biological, biocompatible material 
hepatocytes, parathyroid cells, Leydig cells, follicular cells; includes reticulated thermoplastics such as acylnitrile vinyl 
hybridoma cells; recombinantly transformed cells; epithelial chloride copolymer (PAN-PVC), and the like. The bioma- 
cells; nerve cells and epidermal cells. In a preferred terial may be conventionally implanted in a mammal. In 
embodiment, the mammalian cell is a germ cell or endocrine 40 accordance with the present invention, an exogenous bio- 
cell. Cells grown in tissue culture can be transplanted into a logical factor may be administered following the transplan- 
mammal in conjunction with the Sertoli cells using the tation of factor producing cells and Sertoli cells until the 
methods of the present invention. In accordance with the transplanted cells produce a therapeutically effective amount 
present invention, factor producing cells may be stored of the biological factor. For the treatment of diabetes, for 
using a variety of conventional techniques, such as cryopre- 45 example, insulin may be administered following the trans- 
serving the cells prior to growth in tissue culture for sub- plantation of pancreatic islet cells and Sertoli cells until the 
sequent transplantation. It has been observed in accordance transplanted islet cells produce a therapeutically effective 

with the present invention, that Sertoli cells co-culhired, amount nf insulin 

co-localized or co-transplanted with mammalian cells, and The Sertoli cells and factor producing cells of the present 

in particular factor producing cells such as islet cells, 50 invention can be transplanted or co-localized using any 

enhance the recovery rate and viability of the mammalian technique capable of introducing the cells into the mam mal— 

cells in tissue culture and in particular, enhance the recovery SU ch as parenteral administration, subcutaneous administra- 
rate and viability of cells that have been previously stored tion following surgical exposure to a desired site, biocom- 
using techniques such as cryopreservation. Moreover, when patible scaffold, sponge or matrix delivery or intraperitoneal 
co-localized with factor producing cells, such as islet cells, 55 administration. Prior to transplantation, the recipient mam- 
Sertoli cells provide immunoprotection and nutritional sup- ma l is anesthetized using local or general anesthesia accord- 
port when the two cell types are proximally located. Sertoli i n g to conventional technique. In a preferred embodiment 
cells protect the factor producing cells, such as islets, from, the mammal to be treated is human. In another embodiment 
inter aha, macrophages, proteins, lymphokines (e.g., IL-1) the present method of treating disease further comprises 
and toxic factors released by activated lymphocytes. Sertoli 60 administering an immunosuppressive agent such as, for 
cells provide nutritional support for islets through Sertoli example, cyclosporine, tacrolimus, despergualin and mono- 
secreted growth factors, e.g., IGF (insulin-like growth clonal antibodies to, e.g., T cells. In a preferred embodiment 
factor), EGF (epidermal growth factor) and transferrin, the immunosuppressive agent is cyclosporine. In another 
thereby permitting the factor-producing cells to survive preferred embodiment cyclosporine is administered at a 
longer than when the Sertoli cells are not present. 6 5 dosage of from 0.5 mg to 200 mg/kg body weight. In a most 

In a preferred embodiment the factor is a hormone, and preferred embodiment cyclosporine is administered at a 

the hormone producing cells are isolated from a tissue dosage of from 5 mg to 40 mg/kg body weight. 



5,958,404 

9 10 

It has been discovered in accordance with the present The Sertoli cells can be transplanted to create an immu- 
invention that administration of Sertoli cells results in the noprivileged site within a mammal using a variety of tech- 
creation of an immunologically privileged site in the treated niques. For example, after the mammal is anesthetized, the 
mammal and in the production of cell stimulatory factors. Sertoli cells can be injected into a tissue mass, thereby 
An immunologically privileged site as denned by the present 5 creating an immunoprivileged site. The Sertoli cells and 
invention is a site in the mammal where the immune factor producing cells of the present invention can be 
response produced in response to the transplanted cells is combined using the techniques capable of co-localizing the 
suppressed due to immunosuppressive agents produced by cells such as microencapsulation inside biocompatible 
Sertoli cells. Immunologically privileged sites are charac- membranes, hydrogels, or reticulated thermoplastics, for 
terized by an available blood supply to provide nourishment lQ example. The co-localized cells can subsequently be 
for the transplanted cells and a dense tissue to keep the injected, transplanted or provided into a tissue mass subcu- 
transplanted cells within close proximity of each other. taneously or into a pouch, e.g. an intestinal pouch, an 
Examples of immunologically privileged sites as denned by omental pouch, a gastric pouch, or a biocompatible poly- 
the present invention include the renal subcapsular space, meric scaffold, sponge or matrix consisting of, e.g., poly- 
subcutaneous facie, the brain and the hepatic portal vein. lacetic acid. Once injected, transplanted, or provided, the 
Cell stimulatory factors are denned by the present invention 15 co-localized product is used to treat diseases caused by a 
as factors that enhance the viability of mammalian cells. For deficiency of the biological factor. For example, the Sertoli 
example, it has been shown in accordance with the present cells and islet cells in combination are useful in treating 
invention that Sertoli cells increase the rate at which the diabetes mellitus. 

transplanted factor producing cells vascularize in the trans- Sertoli cells are administered in an amount effective to 

planted site (i.e. promote angiogenesis). Further, it has been 20 provide an immunologically privileged site. Such an effec- 

shown by the present invention that these cell stimulatory tive amount is defined as that which prevents immune 

factors enhance the maturation, proliferation and functional rejection of the subsequently or co-administered cells that 

capacity of cells transplanted with Sertoli cells. It is there- produce the biological factor. Immune rejection can be 

fore indicated that the Sertoli cells produce cell stimulatory determined for example histologically, or by functional 

factors which enhance of viability of mammalian cells as 2S assessment of the factor produced by the cells, 

evidence, for example, by the increased vascularization rate Toe present invention further provides a method of cre- 

of the transplanted islet cells. As used herein, viability atmg systemic tolerance to a subsequent transplant in a 

denotes the number of living cells in a preparation. mammal by transplanting Sertoli cells prior to said subse- 

In a preferred embodiment, the present invention quent transplant as described herein. A transplant as used 

describes a method of treating diabetes mellitus by trans- 30 herein is a mammalian cell, tissue, organelle or organ that is 

planting islet of Langerhans in conjunction with Sertoli cells removed from one mammal and placed in the same or 

to create an immunologically privileged site. Allografts as different mammal. The subsequent transplant may be made 

used in the present invention describes the transfer of tissues in the same site or a secondary site. A secondary site as used 

or cells between two genetically dissimilar mammals of the herein, is a transplantation site in the mammal different from 

same species. The term xenografts in the present invention 35 the initial transplantation site. Systemic tolerance is dem- 

describes the transfer of tissues or cells between two mam- onstrated by various biological phenomena. For example, 

mals of different species. systemic tolerance results in a diminished destructive 

The transplanted islet of Langerhans cells and Sertoli cells immune response to a subsequent allograft or xenograft in a 

used in the method described by the present invention can be mammal without the administration of prolonged immuno- 

prepared using any number of conventional techniques. For 40 suppressive agents or the co-transplantation of Sertoli cells, 

example, islet of Langerhans cells can be prepared from the In accordance with the present invention, the allograft or 

pancreas of several mammals of the same species. The xenograft may be any type of transplant, including cells, 

pancreases are pooled together, chopped up and digested tissues, organelles or an organ. The types of cells which may 

using collagenase. The islet of Langerhans cells can be be transplanted in accordance with the methods described by 

further isolated using conventional gradients. Once isolated, 45 the present invention include, for example, endocrine cells, 

the islet cells can be grown in culture and then transplanted bone marrow cells, hepatocytes or liver cells, nerve cells or 

in conjunction with Sertoli cells to create an immunoprivi- brain cells, and islet cells (fetal, neonatal or adult). The types 

l e ged s ite, of tissues, organelles or organs which may be transplanted in 

Sertoli cells used in the method described by the present accordance with the methods described by the present 

invention can be derived from primary cultures of mamma- 50 invention include, for example, heart, kidney, pancreas, 

lian Sertoli c el ls according to the methods known to one liver, skin , ligaments , te ndons and cartilag e 

skilled in the art including the method of e.g. Roberts et al. As demonstrated by the present invention, a mammal may 

(1995) Biology of Reprod. 53:1446-1453, the contents of be tolerized (i.e. systemic tolerance may be achieved) by a 

which is incorporated herein by reference, or the Sertoli cells variety of procedures. For example, systemic tolerance may 

can be isolated from mammalian male testes. To collect the 55 be achieved by transplanting an allograft or xenograft with 

islet cells, the testes are first chopped into several pieces and Sertoli cells and subsequently transplanting the same type of 

then washed by centrifugation. Leydig cells, present in the allograft or xenograft without Sertoli cells or a prolonged 

crude mixture, can be removed from the tissue suspension administration of immunosuppressive agents. Systemic tol- 

using digestion agents such as trypsin and DNase. The erance may also be achieved by transplanting an allograft of 

remaining cell suspension is then washed by centrifugation 60 any cell, tissue, organelle or organ without Sertoli cells or 

several times. Following, the pellet may be resuspended in prolonged immunosuppressive agents following an initial 

collagenase, incubated and washed by centrifugation to transplantation of an allograft with Sertoli cells. In a pre- 

eliminate peritubular cells within the testes. Testicular germ ferred embodiment Sertoli cells are administered in amounts 

cells can be removed by incubating the pellet with hyalu- ranging from 10 1 to 10 10 cells. In a more preferred 

ronidase and DNase. After several washings by 65 embodiment, 10 5 to 10 10 cells are administered, 

centrifugation, the Sertoli cells for transplantation can be The cells producing the biological factor are administered 

collected. in a therapeutically effective amount. The ordinary skilled 



5,958,404 

11 12 

artisan can determine the appropriate amount of cells pro- recovery rate and viability of mammalian cells previously 

ducing the biological factor by methods known in the art. frozen. Mammalian cells may be frozen using a widely 

The amount of cells is dependent upon the amount of factor conventional techniques, including, for example, cryo- 

being produced by the cells and the known therapeutically preservation. 

effective amount of the factor necessary to treat the disease. 5 Further contemplated in accordance with the present 
For example, 1 to 1000 islet cells per gram body weight can invention is a method of enhancing the recovery and pro- 
be administered to treat diabetes using allografts, 20 to 1000 liferation of ex vivo cells comprising co-culturing said cells 
islets per gram body weight are administered using with Sertoli cells for a time and under conditions sufficient 
xenografts. In another preferred embodiment, 5 to 100 islet to achieve said enhanced recovery and proliferation, 
cells per gram body weight are administered to treat diabe- 10 aspect of the present inveotion prov i des a phar- 
tes. In a most preferred embodiment, 5 to 20 islet cells per mace utical composition comprising Sertoli cells and cells 
gram body weight are administered, using allografts and producmg a biological factor and a pharmaceutical^ accept- 
100-1000 islet cells per gram body weight are administered able carrier In a preferred embodiment the composition 
for xenografts. comprises Sertoli cells and islet of Langerhans cells and a 
In another embodiment the present method of treating " pharmaceutical^ acceptable carrier. A further preferred 
diabetes further comprises administering an immunosup- embodiment of the present invention comprises using 
pressive agent such as, for example, cyclosporine, porcine, bovine or human Sertoli cells and porcine, bovine 
tacrolimus, despergualin and monoclonal antibodies to, e.g., or human islet of Langerhans cells. As used herein, a 
T cells. In a preferred embodiment the immunosuppressive pharmaceutically acceptable carrier includes any and all 
agent is cyclosporine. In another preferred embodiment 20 biological and non-biological biocompatible membrane 
cyclosporine is administered at a dosage of from 0.5 mg to materials. A pharmaceutically acceptable carrier also 
200 mg/kg body weight. In a most preferred embodiment includes any conventional solvents, dispersion media, 
cyclosporine is administered at a dosage of from 5 mg to 40 coatings, antibacterial and antifungal agents, isotonic agents 
mg/kg body weight. and the like. The use of such media and agents is well- 
More generally, the immunosuppressive agent can be 25 known in the art. 
administered for a time sufficient to permit the transplanted The present invention further contemplates a pharmaceu- 
islets to be functional. This period extends from the point tical composition comprising Sertoli cells and a pharmaceu- 
prior to or immediately following the transplantation of the tically acceptable carrier. This pharmaceutical composition, 
islets to the point at which the cells are capable of producmg upon administration to a mammal, can be used to treat a 
therapeutically effective amounts of insulin. In a preferred 30 variety of diseases, such as for example, autoimmune dis- 
embodiment, the sufficient period of time to administer an eases. Accordingly, the present invention is further directed 
immunosuppressive agent is about 40 to about 100 days to treating an autoimmune disease in a mammal comprising 
following transplantation of the islets. In a more preferred administering a therapeutically, effective amount of Sertoli 
embodiment, the sufficient period of time is about 50-60 cells to the mammal. 

days. The present invention is further directed to a method of 

A preferred embodiment of this invention is directed to a enhancing the recovery and proliferation of ex vivo cells 

method of treating Type I and Type II diabetes mellitus by comprising culturing said cells with a culture media from a 

transplanting islet of Langerhans in conjunction with Sertoli tissue culture containing Sertoli cells for a time and under 

cells into the renal subcapsular space. 4Q conditions sufficient to achieve said enhanced recovery and 

Unlike the therapies for diabetes described in the prior art, proliferation. As contemplated by the present invention, 

the method of treating diabetes described by the present Sertoli cells are cultured using a conventional tissue culture 

invention prevents the complications of the disease process media as described herein for a time and under conditions 

and does not result in the adverse side effects associated with sufficient for the Sertoli cells to produce, for example, cell 

conventional diabetes therapy. Furthermore, the method of 4S stimulatory factors. The Sertoli cells are then removed from 

transplanting islet cells described by the present invention the culture media and the culture media is used in subse- 

provides the necessary factors for angiogenesis, growth q ue nt tissue cultures, for example, as a culture media for 

enhancing and increased functional capacity of the islet sperm cells previously stored by cryopreservation. 

transplants. Another aspect of the present invention is directed to 

A method of creating an immunologically privileged site 50 methods of co-localizing biological factor producing cells, 

in a mammal is further described by the present invention, e.g., islets of Langerhans, with Sertoli cells to enhance 

An immunologically privileged site is created by transplant- long-term immunoprotection and nutritional survival of 

ing isolated Sertoli cells into a mammal in an amount transplanted factor producing cells, e.g., islets. The methods 

effective to create an immunologically privileged site. In a of co-localization include co-localization in an intestinal 

preferred embodiment, 10 1 to 10 10 cells are administered. In 55 segment, pouch, e.g. an omental pouch, a gastric pouch or 

a more preferred embodiment, 10 s to 10 10 cells are admin- biocompatible polymeric scaffold, sponge or matrix, for 

istered. In a preferred embodiment the Sertoli cells are example. The method of co-localization in an intestinal 

transplanted into the renal subcapsular space or subcutane- segment comprises: 

ous facie by injection. In a preferred embodiment the (a) isolating a segment of mammalian small intestine with 

mammal is a human and the Sertoli cells are human or 60 intact mucosa and intact circulation; 

porcine. (b) removing the mucosal layer of the small intestine and 

A further aspect of the present invention is directed to a closing the ends of the isolated segment; 

method of enhancing the recovery rate and viability of (c) implanting biological factor producing cells and Ser- 

frozen mammalian cells in tissue culture comprising toli cells into the isolated segment; and 

co-culturing the frozen mammalian cell with Sertoli cells. 65 (d) fixing the isolated segment to the small intestine. 

As shown in accordance with the present invention, Sertoli Methods of co-localizing biological factor producing 

cells produce cell stimulatory factors which enhance the cells, e.g., islets with Sertoli cells in pouches, such as 
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omental or gastric pouches are also contemplated by the cells are provided in an amount of from 10 1 to 10 10 cells. In 
present invention as described by Amiri, et al. (1990) Arch. a more preferred embodiment, Sertoli cells are provided in 
Surg. 125:1472-1474 and Bayat, et al. (1995) Surg. Res. an amount of from about 10 4 to 10 10 cells. In yet another 
Commun. 17:87-91, both of which are incorporated herein preferred embodiment the factor producing cells are pan- 
by reference. Procedures for co-localizing islets and Sertoli 5 creat i c i s i ets . The is i ets are prov ided in a preferred amount 
cells in biologically compatible pouches are general and of about 5 t0 about 20 0 cells per gram of body weight, and 
conventionally employed on a case-by-case basis by the m a more preferred amount of about 5 t0 about 100 ceU s per 
skilled artisan in accordance with the present invention. m of bod we j gbt 

Procedures for co-locahzing islets and Sertoli cells in The edufe £ f ^ e sulati of Sertoli ceUs with 

polymeric scaffolds are readily appreciated by the skilled w ^ ^ duce & biolo ^ cal fact0 * is al and the 

artisan. It is preferred that the polymenc templates used in dme ^ be , ained ^ more ^ ^ { tQ 

accordance with the present invention are biodegradable and SertoK ^ and ^ ceU whfch afe , 

comprise a polyviny alcohol, e.g., P°ly-L4actic acid. Poly- ^ m embodiment of st (a) of the ^ method the 

vinyl alcohol based templates provide sufficient porosity to fast m fe sodium \{ ^ R J mmea&3 ^ 

permit rapid tissue ingrowth and ^revascularization before 1S ded in an a soluti( f n such as a buffer of salin * 

cell transplantation. In essence, the polymeric template solutk)n containi the islets and Seftoli ceUs 

employed m connection with the present mvention acts as a t> « «• « .» ■ . * r 

f . 1 r . , , By gelling effective amount" is meant an amount of a 

matrix or sponee permitting the ingrowth of blood vessels , , U1 . rL . ,. . . 

j.- u- I ?u i i- »• c water soluble gelluig agent capable of binding calcium ions 

and tissue which facilitates the co-locahzation of, e.g., islets „, nf . • 0 ? Unt ■,„„„, t . ,,• tt c 

,„.,.„, .,. , . or other ions that interact with the gelling agent to form a 

and Sertoli cells by providing ready access to a nutrient-rich „„ t , Ajr ■« n *u • i . j c? i- « • 

, . , . J r & J 20 network. More specifically, the islets and Sertoli cells in 

oo supp y. combination are preferably suspended relative to the gelling 

It is preferred that the Sertoli ceUs are provided m an k a fatio Qf about ^ tQ ^ * 

amount ranging from about 10 to about 10 cells In a more preferabl 1:10 10 10: i (v /v) and most preferably about 1:10 

preferred embodiment Sertoli cells are provided in an (v/v) . Prefe^ the Sertoli ceUs and islets cells are present 

amount ranging from about 10 to about 10" cells. In yet 25 ^ ^ of ^ 1;1 ( } _ • 

another preferred embodiment, the factor producing ceUs are Tfae su ion fa cx ^ d b techniques CO mmonly used 

pancreatic islets. The islets are provided in a preferred • t u ■ t , . ,, . . r , , 

r , , , , c i , t F f . j m the art. It is preferred that the suspension is extruded 

amount ot about 5 to about 200 cells per gram of body *u,„„„t, • • ; T ji r f / u j- . j 

... , . „ , . r . . ^ . ■ . through an air-jet needle. In a preferred embodiment, drop- 

weight and in a more preferred amount of about 5 to about ^ CQQtaM ^ and ^ ^ ^ ^ £ 

100 ceUs per gram of body weight. 30 alginate are produced by extrusion (1.7 mVmin) through a 22 

A further aspect of the present invention is directed to a ^ ^ flow 5 ^ 

method of encapsulating biological factor producing cells, In m embodiment V of st (b) of ^ subject method the 

e.g., islets, with Sertoli cells to enhance lone-term immu- j , ^ , ■ ^ , . \ /- , , 

s ' , . ... , . u U ^ iuu 6 ^iii imu.u droplets are subjected to a solution of multivalent cations, 

noprotechon and nutritional survival .of transplanted islets. guch ag a of 

The method of encapsulation comprises: 35 caldum cbJoride solution> which form a netwQrk ^ 

(a) suspending a pharmaceutical^ effective amount of droplet ^ ferred concentration ^ at least about 0 5% 
biological factor producing cells, e.g., islets, and Sertoli (v/v)> and more preferably at least about 1% (v/v); and most 
celk in combmation with a gellmg effective amount of pre f er abl y ranging from about 1% (v/v) to a saturated 
a first water soluble gelling agent in an aqueous somtion In an embodiment; the droplets fall int0 a beaker 
medium which is physiologically compatible with the 40 containing a saline solution at pH7 of calcium chloride 
cells and extrudmg the islet/Sertoli celVgeUing agent 10 ml L1% CaQ k Q Q% saline at Hy ^ 
mixture to form a droplet containing the islets and process for a suffic ient time until the negatively 
Sertoh cells, charged alginate droplets bind calcium and form calcium 

(b) subjecting the product of step (a) to an effective alginate gel. 

amount of network forming cations to form discrete 45 In ^ embodiment of step (c) of the subject method, a 
capsules of sufficient size to encapsulate the islets and membrane is formed around the product of step (b) by 
Sertoli cells together; subjecting the encapsulated product to polymers, which 
(c) forming a semipermeable membrane a r ound the cap- polymers contain substituents reactive with the g ellin g 



sules to obtain a single-walled bead encapsulating the agents, especially the acid groups of the gelling agent. The 

cells; and 50 preferred polymers are polyamine acids such as poly-L- 

(d) contacting the single-walled bead with a gelling lysine (PLL) or polyethyleuiminc. In a p r eferred 

effective amount of a second gelling agent so as to form embodiment, the polymer is poly-L-lysine with a molecular 
a second semi-permeable membrane encapsulating the weight of about 20 kd. It is preferred that the polymers coat 
product of step (c). the product of (b) by following the procedure of Goosen, et 
The gelling agent may be any water-soluble material 55 al. in Biotech. Bioeng., 27: 146-150 (1985), the contents of 
which can be gelled to form a bead. Apreferred gelling agent which is incorporated herein by reference. Without wishing 
is a water soluble, natural or synthetic polysaccharide gum to be bound, it is believed that positively charged poly-L- 
such as an alkali metal alginate. Apreferred gum is sodium lysine displaces calcium ions and binds negatively charged 
alginate. Other gums which may be used include guar gum, alginate, producing a polyelectrolyte membrane, 
gum arabic, carrageenan, pectin, tragacanth gum, xanthan 60 In an embodiment of step (d) of the subject method the 
gum or their acidic fractions. second gelling agent may be sodium alginate which may 
In a preferred embodiment, the Sertoli cells and factor improve the biocompatability of the capsule in a mammal, 
producing cells are encapsulated within an alginate The second gelling agent may be added according to the 
polylysine-alginate semi-permeable hydrogel. It is preferred methods employed by Weber, et al. U.S. Pat. No. 5,227,298, 
that the Sertoli cells are derived from bovine, porcine, and 65 incorporated herein by reference. The double walled semi- 
human sources and are produced by a cell line in accordance permeable capsules formulated in connection with the 
with the present invention. It is preferred that the Sertoli present mvention have molecular weight cut-offs in the 
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range of 50,000 daltons and provide sustained release of a near total pancreatectomy, followed two weeks later by an 

factors produced by the encapsulated islets and Sertoli cells. intravenous injection of 35 mg streptozotocin/kg body 

The capsules comprise semi-permeable membranes which weight. This procedure resulted in the induction of severe 

function to protect islets from immune responses while diabetes melitis. Plasma glucose levels were in excess of 400 

simultaneously permitting passage of biological factors pro- 5 m g/dl and the animals were ketotic. Malabsorption was 

duced by islets into the mammal. In still another embodi- prevented by the oral administration of VACUOUS®, one 

ment of the present invention, co-localized, e.g., tablet given twice daily before each meal, 

co-encapsulated islets and Sertoli cells are connected to a Islets were isolated from female Rhesus monkeys. First, 

blood supply by techniques known in the art, thereby the pancreases of five animals were removed, pooled and 

permitting the free flow of nutrients and inhibiting the influx w chopped finely into smaller fragments. After collagenase 

of molecules produced by the immune system. dl § estIon m . a water bath at 37 u C > the islets were separated 

The co-localized, e.g., encapsulated cells producing bio- ^exocrine tissues and other cellular debris on at least 

logical factor and Sertoli cells are effective in treating a tW ° ^ g r f ent s prepared in tandem. The islets were 

,. & ... e , - . - . , ,. , . . , f washed three times by centnfugation m ice-cold Hanks's 

disease resulting from a deficiency of said biological factor. buffer and then hand 4 ed and £ ansferred in gr0 of 150 

For example, the co-locahzed, e.g., encapsulated islet cells 15 tQ de Petri dishes Each digh containe / 6 mLof 

with Sertoli cefls, are effective in treating diabetes melktus. Q ^ medium CMRL . 10 66 supplemented with 5% fetal 

Thus a preferred embodiment of this invention is directed to calf lucQse at a concentr ^ ion of 250 mg/dL , peni . 

a method of treating diabetes mellitus by co-locahzing, e.g., ^ (10Q u/mL) and st t m (100 ^ mL ). Incubation 

co-encapsulating and transplanting K let of Langerhans into of ^ were ^ £ 3 / c > 5< ^ CQ ^ ^ for 4 

the peritoneal space This method not only prevents the 20 t0 6 days. The islets were transferred to fresh medium at 48 

complications of the disease process, but also reduces the mterva ]g 

adverse effects associated with other therapies. This method ... , r ' . „ , . , 

also provides a biological factor in appropriate amounts Viability and counting of the islets were facilitated by 

which are released in a physiological manner. means ° f the u P take ° f * e d ^^thizone. Each monkey 

Thepresentinventionisalsodirectedtoakitfortreatment 25 ™<*™d &n average of about 10 ^lets/kg body weight 

f j. T , j. . , .. • , t1 injected into both testes. In the first three animals the testes 

of a disease. In one embodiment, the kit is compartmental- J , , , . , . , . , , 

ized to receive a first container adapted to contain Sertoli ^ ere elwated * the abd ° mmal cavity, whereas m the last 

cells in an amount effective to creafe an immunologically three . re , cl P len s ' he f afted were anchored into the 

privileged site in a mammal, and a second container adapted m S™ al canal ; ^ 0S P° nne < Cs f A ) was «?™tered in 

to confain a therapeutically effective amount of cells that 30 varying doses to the first three grafted animals over a 30 day 

produce a biological factor that is absent or defective in the P e ™ d ' T^™^ ^ ^e hosts were given 7 injections 

disease to be treated. In a preferred embodiment, the Sertoli ° f p A ( 20 °° davs " 4 t°;3-Oral sustacal tolerance 

••• cells are bovine, porcine or human and are provided in an teStS W f 6 done °? da V 30 1 ?f d then at m < the 

„ ■ , - f t in i . mio ii t c j normoglycemic animals, as follows, 

amount of from 10 to 10 cells. In a more preferred ™> , , • -•■ 

embodiment, Sertoli cells are provided in an amount of from 35 The moneys were housed mdividuaUy in cages, and 

10 s to 10 10 cells. In another preferred embodiment the cells S iven standard monkev chow and fruit twice ^ In 

that produce a biological factor are cells that have been addition a pancreatic enzyme was mixed with the food since 

transformed with DNA encoding the factor. In yet another the monkeys had been pancreatectomized to make them 

preferred embodiment the cells that produce the factor are dlabetic before transplantation. 

pancreatic islet cells. The islet cells are provided in a 40 ^ nl § ht before the test, the animals were fasted for 12 

preferred amount of 5 to 200 cells per gram of body weight, hours - At 8 a - m - the next morning they were then anesthe- 

and in a more preferred amount of 5 to 100 cells per gram tized and prepared for the test meal. Sustacal was used as the 

of body weight. test agent. Sustacal consists of a physiologic mixture of 

The present invention further provides an article of manu- carbohydrates, proteins and fat which closely mimics a 

facture comprising a packaging material and Sertoli cells 45 standard meal and which is a powerful stimulus for the 

contained within said packaging material, wherein said release of insulin. 

Sertoli cells are effective for creating an immunologically Sustacal was injected directly into the stomach of the 

privileged site in a mammal, and wherein said packaging sleeping animal through a nasogastric tube. Blood samples 

material contains a label that indicates that said Sertoli cells were then obtained at times 0, 15, 30, 60, 90, 120 and 180 

can be used for creating an immunologically privileged site 50 minutes. The samples were centrifuged and the serum stored 

in a mammal. The packaging material used to contain the at -20° C . until measur e ments for insulin or C-peptide could 

Sertoli cells can comprise glass, plastic, metal or any other be carried out. C-peptide is a very sensitive marker for beta 

suitably inert material. cell function. The results are shown in FIGS. 1-4. 

Unless specified to the contrary, it is to be understood that FIG. 1 shows the glucose responses to oral sustacal 

percentages are by volume. 55 tolerance tests done on the monkey "Lucky" at intervals 

In order to further illustrate the present invention, the before pancreatectomy (Lucky-pre); after pancreatectomy 

experiments described in the following examples were car- but prior to transplantation (Lucky-post); and at intervals 

ried out. It should be understood that the invention is not following transplantation (143 days, 730 days and 930 days, 

limited to the specific examples or the details described respectively). 

therein. The results obtained from the experiments described 60 It can be readily appreciated that the animal became 
in the examples are shown in the accompanying figures and severely diabetic after the removal of his pancreas (Lucky- 
tables, post). Following transplantation the glucose responses were 

restored to normal levels at all of the time intervals measured 

fcXAMFLh ^ 143> 73Q and 930 dayg followin g transplantation). Lucky 

Six male Rhesus monkeys were transplanted with islet 65 showed no evidence of graft failure. With graft failure 

allografts in their testes to examine the survival of these glucose levels would become elevated would approach those 

transplants. The recipients were made diabetic by means of which were found following his pancreatectomy. 
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FIG. 2 shows the C-peptide responses to an oral sustacal 
tolerance test at the same time intervals as depicted in FIG. 
1. Following his pancreatectomy the C-peptide responses 
became blunted indicating a severe diabetes. But following 
transplantation the levels were not only restored to normal 
but appeared to show a hyperresponsive pattern of C-peptide 
release and levels done on day 730 exceed the normal levels 
at all points measured. The elevated levels might be due to 
the fact that insulin released from the testis enters the 
systemic circulation. By contrast, insulin released from the 
pancreas enters the portal vein and travels immediately to 
the liver where about 60% is broken down during the first 
passage. Insulin released into the systemic circulation 
reaches the liver much later, thus the elevated levels. As was 
evident with an investigation of the glucose concentrations, 
the C-peptide responses showed no evidence of failure 30 
months following transplantation. 

FIG. 3 shows the glucose responses to oral sustacal 
tolerance tests in the monkey "Oscar". Following the 
removal of his pancreas he became severely diabetic with 
elevated glucose levels. Following transplantation of islets 
the glucose responses became similar to those determined 
before his pancreas was removed. The glucose levels remain 
within normal levels 32 months following transplantation. 

FIG. 4 shows the C-peptide responses in the same animal 
and at the same intervals depicted for FIG. 3. The animal 
became very diabetic following the removal of his pancreas 
and shows blunted C-peptide responses as a result. Follow- 
ing transplantation and for the next 730 days the C-peptide 
responses were greater compared with the normals, on day 
930 following transplantation the C-peptide responses have 
become somewhat less compared with the normals. Despite 
somewhat lower C-peptide levels the animal remains nor- 
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TABLE 1-continued 



Metabolic Parameters and Immunoreactive Serum 

Insulin and Glucagon Levels in Control and in 
Transplanted and Insulin Treated BB/Wor dp Rats 



INSULIN 

CONTROLS GRAFTED* TREATED 



Weight Gain (g) 120 ±6 105 ± 17 48 ± 14$ 

Fasting Plasma Insulin 21.9 ± 3 20.4 ±2 ND 
(uU/ml) 

Fasting Plasma Glucagon 37.8 ± 5.7 43.4 ± 4.6 47.4 ± 4.9 



ml) 



*Duration of 
+ P < 0.0001 
# P < 0.0001 vs. grafted 
$ P < 0.02 vs. grafted 



iglycemia after grafting (days) - 279 ± 25 



Pancreatic and Testicular Insulin 
and Glucagon Content in Control and in 
Transplanted and Insulin Treated BB/Wor dp Rats 



CONTROLS 



INSULIN 
GRAFTED TREATED 



This example demonstrates that primates can be success- 
fully transplanted with intratesticular islet allografts without 35 *P < 0.03 
the need for sustained immunosuppression, and that func- 
tional integrity of intratesticular islet allografts is maintained 
for periods exceeding two years with no evidence of graft 
failure. 



Pancreas (mg) 1573 ± 171 757 ± 122 920 ± 32 

30 Insulin (ug/g) 66 *5.03 0.58 ± 0.18 0.76 ± 0.12 

Glucagon (ng/mg) 4.1 ± 0.35* 49. ± 0.33** 6.9 ± 0.08 

Testes Fractions: (mg) 493 ± 49.6 582 ± 59.2 430 ± 28.0 

Insulin (ug/g) 0.0 . 5,9.70 ± 0.49 0.0 

Glucagon (ng/mg) 0.0 1.4 ± 0.37 0.0 



**P < 0.08 vs. diabetic, respectively 



EXAMPLE 2 

This study examined insulin and glucagon secretory pat- 
terns in spontaneously diabetic bb/Wor dp rats transplanted 
with abdominal, intratesticular, islet grafts. Diabetic, 
BB/Wor dp, rats received intratesticular islet grafts from 
MHC-comp atible BB/Wor dr rats and no immunosuppres- 
sion. After a period of 74+15 days, of normoglycdmia, three 
different groups (controls; BB/Wor dp, transplanted; and 



FIG. 5 shows the effect of intratesticular islet allografts on 
serum glucose and insulin responses to oral glucose in 
40 spontaneously diabetic BB/Wor dp rats. FIG. 6 shows the 
effect of intratesticular islet allografts on plasma glucagon 
secretory responses to oral glucose and a combination of 
glucose plus glipizide in spontaneously diabetic BB/Wor dp 
rats. This experiment demonstrates that grafted testes in 
spontaneously diabetic BB/Wor dp rats contain both alpha 
45 and beta cells, and that the alpha and beta cells have the 
capacity to respond to specific secretagogues independently. 



BB/Wor dp, insulin treated) were given the following chal- 
lenges; (1) an oral glucose tolerance test (OGTT), (2) a 
single oral dose of glipizide, followe d by an O G TT, and (3) 



EXAMPLE 3 

50 This study investigated the effect of Sertoli cell enriched 

fraction (SEF) on islet allograft su r vival in the renal sub- 

capsular space of diabetic rats. 

The animals used in this study were PVG rats, weighing 
between 150-200 g. Diabetes was induced by means of a 

55 single intravenous injection of 65 mg/dL of streptozotocin. 
Only rats with plasma glucose levels in excess of 400 mg/dL 
were transplanted. Sprague Dawley (S-D) outbred rats were 
used as islet donors. Either PVG or S-D male rats between 
16 and 18 days old were used as Sertoli cell donors. 

60 Islet Preparation 

Islets were prepared according to modification of the 
method of London et al. (1990) Transplantation, 49: 
1109-1113. The islets were purified on Ficoll gradients, and 
the isolated cells were then incubated for 4 days at 37° C. in 

65 a humidified atmosphere of 5% C0 2 , and air prior to use. No 
special efforts were made to deplete the islets of contami- 
nating passenger leukocytes. 



arginine, by intravenous infusion. The results of this study 
are shown in Tables 1 and 2 and FIGS. 5 and 6. 



Metabolic Parameters and Immunoreactive Serum 

Insulin and Glucagon Levels in Control and in 
Transplanted and Insulin Treated BB/Wor dp Rats 



Plasma Glucose (mg/dl): 112 ±5 502 ± 8+ 510 ± 13+ 
Prior to Therapy 

After 2.5 Months 97 ± 4 110 ± 3 350 ± 40# 

Duration p.t. OGTT (days) 75 ± 6 70 ± 11 78 ± 19 
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Sertoli Cell-enriched Fraction Preparation 

Highly purified preparations of Sertoli cells were isolated 
form the testes of young males according to the method of 
Cheng et al. J. Biol. Chem., 26:12768-12779. The testes 
were removed, chopped into several pieces, and placed in a 5 
50 mL conical tube containing 50 mL of Ham's F12/DMEM 
media. The pieces were washed once by centrifugation at 
800xg for 2 min. The supernatant was aspirated, and the 
tissue resuspended in 40 mL of media containing 40 mg 
trypsin and 0.8 mg DNase in a sterile 250 mL Erlenmeyer 10 
flask. The flask was placed in 37° C. oscillating incubator at 
60-90 osc/min for 30 min. This step removed Leydig cells. 
The tubules were then transferred to a 50 mL conical tube, 
and centrifuged at 800xg for 2 min. The supernatant fraction 
was aspirated, and the pellet resuspended in 40 mL of 1 M 15 
glycine, 2 mM EDTA containing 0.01% soy bean trypsin 
inhibitor and 0.8 mg DNase, and incubated at room tem- 
perature for 10 min. This step lysed any residual Leydig 
cells. The cells were washed by centrifugation for 2 min, and 
the step repeated twice, or until the media was no longer 20 
cloudy. The pellet was resuspended by gentle homogeniza- 
tion with a glass Pasteur pipet in 40 mL of media containing 
20 mg collagenase in an Erlenmeyer flask, and incubated at 
37° C. for 5 min with 60-90 osc/min. The cell suspension 
was centrifuged at 800xg for two min, and the pellet 25 
resuspended by gentle homogenization with a Pasteur pipet 
in 40 mL media containing 40 mg collagenase and 0.2 mg 
DNase, and incubated in an Erlenmeyer flask at 37° C. for 
30 min with 60-90 osc/min. The cells were then washed by 
centrifugation for 2 min, and the process repeated at least 30 
three times to eliminate peritubular cells. The, cells were 
resuspended by gentle homogenization with a Pasteur pipet 
in 40 mL media containing 40 mg hyaluronidase and 0.2 mg 
of DNase, and incubated at 37° C. for 30 min with 60-90 
osc/min. The cells were pelleted by soft centrifugation for 2 35 
min, and washed at least five times to eliminate germ cells. 
The resultant SEF was resuspended in 0.25 mL of media, 
and immediately transplanted into the recipient rat. Each 
grafted rat received the equivalent of the total amount of 
Sertoli cells contained in a single testis. 40 
Transplantation of Rats 

The diabetic rat was anesthetized with methoxyflurane 
USP in a sterile hood and the left flank opened to expose the 
kidney. The Sertoli-enriched fraction containing approxi- 
mately 5 million Sertoli cells was injected first underneath 45 
the renal capsule. The cells could be seen as a milkish bubble 
underneath the capsule. Immediately afterwards, a total of 
10 islets/g of bo d y w e ight was injected to th e same milkish 



SEF from PVG donors, and CsA postransplantation. Group 
5 consisted of 11 female rats grafted with the same combi- 
nation of cells as depicted for Group four. Group 6 consisted 
of 10 female rats grafted with a combination of islets and 
SEF, both cell types from S-D donors, and CsA postrans- 
plantation. 

Posttransplantation Evaluation of Rats 

The grafted rats were transferred to metabolic cages, and 
plasma glucose levels were obtained at weekly intervals. 
Urine volumes and urine glucose contents were obtained at 
daily intervals. A rat was considered cured of the diabetic 
process if the following criteria were met: A random plasma 
glucose level ^150 mg/DL; glycosuria; and immediate 
reversal to hyperglycemia following surgical removal of the 
grafted kidney. 

To determine if any of the rats had become unresponsive 
to their grafts, normoglycemic rats were challenged with a 
secondary islet allograft consisting of at least 500, freshly 
prepared, Sprague Dawley islets which were injected into 
the contralateral renal subcapsular space. No immunosup- 
pression was given following the challenge. 

To examine the impact of the transplantation of SEF on 
fertility of the female rats, normoglycemic animals of longer 
than 30 days were mated with PVG males. Metabolic 
parameters, as outlined above, were closely monitored, as 
was the course of their pregnancies. 
Structural Analysis of Grafted Tissue 

A total of five successfully grafted rats were nephrecto- 
mized at intervals following transplantation. Wedge sections 
of renal tissue, obtained from sites at which islets and SEF 
had been injected, were prepared for examination by light 
and electron microscopy, as previously described by Cam- 
eron et al. (1990) Transplantation, 50:649-653. Briefly, the 
tissue wedges were immersion-fixed with 5% glutaralde- 
hyde in 0.1 M collidine buffer for 1 h, washed in buffer, and 
postfixed for 1 h with 1% osmium tetroxide in 0.1 M buffer. 
Small tissue blocks were cut from the wedges, and dehy- 
drated through a graded series of ethyl alcohols, transferred 
to propylene oxide, and embedded in Epon 812/Araldite 
plastic resin. Thick (0.5 fan) and thin (900 mg) sections were 
strained routinely with toluidine blue and uranil acetate/lead 
citrate, respectively, for structural analysis by light and 
electron microscopy. The results are shown in Table 3 and 
FIGS. 7-9. 

TABLE 3 

Effect of Sertoli Cells on 
Islet Allograft Survival in the 



bubble. The needle was retracted slowly to prevent leakage 
of the grafted cells. Cyclosporine (CsA) was administered 50 

subcutancously in varying doses over a 20-day period to 

groups two and four. Because the grafted rats responded 
similarly whether the drug was administered over a 20-day, 
or over a 3-day period, all of the subsequent groups, includ- 
ing the female rats, were treated with only three injections 55 
of 25 mg/kg CsA, given on days 0, +1, and +2, relative to 
the graft. The rats received no other therapy. 

A total of 36 male and 21 female PVG rats were divided 
into six different treatment groups: Group 1, the control 
group, consisted of 6 male rats grafted with only islets from 60 
S-D donor rats. They received neither SEF nor CsA. Group 
2 consisted of 10 rats grafted with a combination of islets 
from S-D rats and CsA postransplantation, but no SEF. 
Group 3 consisted of a total of 10 rats grafted with a 
combination of islets from S-D and SEF from PVG donor 65 
rats, but no CsA postransplantation. Group 4 consisted of 10 
rats grafted with a combination of islets from S-D donors, 



Non-Immunologicallv Privileged Renal. Subcapsular Site 



Duration of 
Normoglycci 



Gender (donor origin) CsA Individual Responses 



1(6) 


Male 






0, 0, 0, 0, 0, 0 


2(10) 


Male 






0, 0, 0, 0, 0, 0, 0, 130 > 441, 
>445 


3(10) 


Male 


+(PVG) 




0, 0, 0, 0, 9, 10, 12, 13, 
13, 14 


4(10) 


Male 


+(PVG) 


+ 


19, 76, 58*, 84*, 167*, 127f, 
139t, >418t, >422 , >425t 


5(11) 


Female 


+(PVG) 




7, 11, 14, 28, >287t, >305t, 
>306t, >308f, >441t, >447f, 
>457f 


6(10) 


Female 


+(S-D) 


+ 


8, 10, 96*, 128*, >168, >172, 
>184, >193, >193, >196 



*Nephrectomrzed 

tChallenged with a Secondary Islet Allograft 

Group 1: None of the six rats grafted with islets alone, 
without either SEF or CsA, became normoglycemic. 
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Group 2: Three of 10 rats grafted with islets and treated EXAMPLE 4 
with CsA became normoglycemic for more than 100 days. 

The 3 normoglycemic rats were challenged with a secondary This study determined the survival of discordant islet 

graft on days 116 192 and 197, respectively. One rat xenografts in various nonimmunologically privileged organ 

reverted to hyperglycemia on day 130, while 2 remained 5 sites in experimental animals . 
normoglycemic. 

Group 3: Initially 6 of the 10 rats grafted with islets and Islets were prepared from young piglets as follows: Male 

SEF, but no CsA, became normoglycemic, but all of them piglets not weighing more than 2.2 kg were used exclu- 

reverted to hyperglycemia by day 14. sively. The piglet was anesthetized and following exsan- 

Group 4: All 10 of rats grafted with a combination of SEF 1Q gu i n ation both pancreas and testes were harvested under 

and islets, and also given CsAbecame normoglycemic. Two sterile conditions. A collagenase solution consisting of 2 

reverted spontaneously to diabetes on days 19 and 76, m „i m i „t „„n.™ „ ♦ V i/c-™ \ • • . j J r .i 

respectively. Three were nephrectomized on days 58, 84 and ^ ° f colla S ei *f XI (Sigma) was injected directly 

167 following transplantation. All 3 of these rats became ™ to the P ancre f • Th f. P an " eas was incubated at 37° C. for 

hyperglycemic within the next 24 h. The remaining 5 rats 17 mlnutes and the digested tissues washed three times by 

were challenged with a secondary islet allograft on days 119, 15 means of centnfugation and aliquots of 1 ml each transferred 

129, 280 342 and 400, respectively. Of these, the first 2 to Petri dishes. The islets were incubated at 32° C. in tissue 

reverted to diabetes on day 127 and 139, respectively, while culture media 199 supplemented with 10% horse serum for 

the latter 3 remained normoglycemic. six days. 

Group 5: All 11 of the female rats grafted with a combi- , , , 

nation of islets and SEF, and then given CsA, became 20 On day seven the cultured islets were coUected m batches 

normoglycemic, of these, 4 reverted spontaneously to hyper- of ±4,000 and cryopreserved using a standard protocol. The 

glycemia by day 28. Of the 7 normoglycemic rats who were ce Us were stored in liquid nitrogen at 96° C. for periods 

mated with male PVG rats, 6 became pregnant, and of these, varying between two and four weeks. The islets were 

8 had litters varying between 1 and 10 pups. They were able removed from the liquid nitrogen and thawed using an 

to nurse the pups successfully. A total of 7 of the long-term 2 5 established procedure. The thawed islets were transferred to 

surviving females were challenged with secondary islet p etri dishes and co-cultured with pig Sertoli cells for three 

allografts at least 200 days following transplantation. None d at 32 <, Q m ^ game lgg media ag 

ot them reverted to hyperglycemia. , t- i- j- u t. ■ j • , ■ 

Group 6: of the 10 rats grafted with islets and SEF from ^ Barber stud^ have shown an improved survival rate 

the same donor strain of rat, all 10 became normoglycemic. 30 ° f thawed 151618 cultured m the P resence of Sertoh ceUs - 

Two reverted to hyperglycemia by day 10. A nephrectomy to On day three following thawing the islets were hand- 

remove the graft was done on 2 of the long-term surviving p ic ked and counted and a total amount of 12 islets/g of body 

rats on days 96 and^Ol respectively. Both reverted to wei ht transplanted mt0 female s Dawl 

hyperglycemic immediately within the next 24 h. , a..i tc o . i- n . • 

Tissue M hi rats.Atotalof5miUionSertohcellsprocuredfromthepiglet 

Renal Zie°obLed from the long-term grafted kidney 35 L e f S WWe .f ^ s ™f ^ the same location, 

appeared structurally normal by light micro Jopy (FIG. 7) The organ sites to be tested for the grafting of islets include: 

Transplanted islets in this organ were immediately subjacent a] the ™? subca P sula r s P ace , b] subcutaneously, and c] the 

to the kidney capsule, and also appeared structurally normal. hve , r - Followmg transplantation the rats were treated with 

They displayed tissue and cellular architecture identical to cyclosporin as follows: 25 mg/kg for 7 days: 15 mg/kg for 

islets in situ (FIG. 7). Individual islet cells were partitioned 40 5 da y s; 10 m SfeS for 5 davs ; 5 m & /k § for an additional 13 

into cell clusters by thin connective septa containing small da y s - 0n day 30 the drug was discontinued, 

vessels and capillaries (FIG. 7). It appeared that most of the To demonstrate viability and functional integrity of iso- 

islet cells contained secretion granules. When resolved by lafcd i ht ^ {he followin studies were ^ } ^ 

electron microscopy, islet cells were identified as the |3-ceU ; of Cells with dm * stain ig w M ^ c for 

type by the inclusion of ultrastructurally distinctive, and 45 . ,. , . . . . c 6 J , , ... 

unique insulin-containing secretion granules (FIG. 8 . All b) . ° S f °l ^ ™ lh A °f° ^ b [ ue ^ ch , 

P-cell clusters observed were in close proximity to intra-islet ? dl , cates viablllt y of the f 1 ^'™* c > culturm S of batche f o£ 

capillaries (FIG S) 5 islets m the presence of insulin secretagogues such as low 

There was a high density of cells between, and directly and mgn glucose concentrations at specmea mtervais tol- 

adjacent to, the transplanted islets and renal parenchyma. By so lowing culturm §' cryopreservation and thawing. The results 

light microscopy, they did not appear to be isl e t cells , kidn e y are shown in Table 4. 



cells nor cells or blood origin (FIG. 7). When observed by 
electron microscopy, these cells were similar in ultrastruc- TABLE 4 

ture to Sertoli cells in that their nucleic were irregular in " 
profile, and contained deep nuclear clefts, distinctive « t Secretin (micro-unite/rf) from 

r , , . . , . , ... 55 Incubated and from Cryopreserved-Thawed Islets 

nucleoli were often present, and mitochondrial Structure was Done on Days 3, 7 and 14 of Culturing. Respectively 

dense. Although these cells did not retain the typical polarity 
of Sertoli cells in vivo, they were, however, identical in 
appearance to Sertoli cells in vitro, when the cells are not 
plated on a basement membrane substrate. The cells were 



INCUBATED ISLETS PRIOR TO CRYOPRESERVATION: 



not associated with a basement membrane, and appeared 60 a) Low Glucose (90 mg/dl) 15.3 ± 3.8 21.8 ± i.i 17.29 ±2.4 
randomly organized (FIG. 9). Cells showing ultrastructural b) High Glucose (300 mg/dl) 32.2 ± 5.4 37.14 ± 3.4 23.3 ± 1.8 
features of either germ or Leydig cells were not observed. cryopreserved and thawed islets: 

This example demonstrates that an immunologically a) ^ Glucose (90 mg/dl) 14 . 52 ± 2 . 8 rl3±13 S3S±2 , Q2 
privileged site for transplantation of isolated islet can be b ^ Glucose \ s J oli W 31 ± 2 8 911 ± 2 6 8 3g ± M 

created in male and female diabetic recipients by transplan- 65 cells 

tation of Sertoli cells without the need for sustained immu- 

nosuppression. 
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TABLE 5 



Yield of Porcine Islets 
Following 1, 3 and 7 Days of Culture and the 
Percentage of Islets Lost During 7 Days of Culture 



Pig- 
No. 


BW 
(kg) 


Pane. 
Wg 


Dl Islets/ 
g pane. 


D3 Islets/ 
g pane. 


D7 Islets/ 
g pane. 


Islet 
Loss % 
D7/D1 


1 


1.6 


1.79 


36 536 


31 659 


27 212 


26% 


2 


2.0 


1.89 


31,212 


32^962 


27*883 


25% 


3 


2.3 


2.46 


29,268 


26,046 


20,884 


29% 


4 


1.8 


1.66 


39,904 


37,726 


31,664 


21% 


5 


1.8 


1.76 


37,846 


34,578 


30,046 


21% 


6 


1.6 


1.74 


39,866 


37,888 


32,424 


19% 


7 


1.4 


1.61 


42,126 


39,456 


33,872 


20% 


8 


2.3 


2.48 


33,682 


29,334 


24,892 


26% 


9 


2.1 


2.28 


43,478 


41,226 


37,394 


14% 


10 


2.1 


2.09 


40,126 


36,448 


33,282 


17% 


11 


2.1 


2.12 


31,248 


27,170 


26,415 


15% 


12 


2.1 


1.98 


38,848 


36,465 


29,293 


25% 


13 


2.2 


2.06 


39,146 


37,446 


31,709 


19% 


14 


2.2 


2.24 


27,892 


25,028 


21,342 


23% 


IS 


2.7 


2.69 


44,610 


38,364 


31,524 


29% 


16 


1.5 


1.44 


42,222 


40,414 


31,244 


26% 


Mean± 


2.0 ± 0.3 


2.0 ± 0.4 


37692 ± 1233 


34513 ± 1307 


29442 ± 1119 


22.2 ± 1.2% 



SE 



Recovery of Islets Following Freezing and 





Islet/ 


5 alone 




Islets 


+ Sertoli cells 


No. 


Pre- 


Post 


Recovery 


Pre- 


Post Recovery 


of islets 


cryo 


thawing 


%{%) 


cryo t 


hawing (%) 


D3F/D3T 


250 


152 


61% 


290 


212 73% 




230 


131 


57% 


260 


228 88% 




440 


278 


63% 


430 


280 88% 




420 


366 


87% 


410 


324 79% 




450 


290 


64% 


440 


358 81% 






Means 


66.4% 




81.8% 


D7F/D3T 


260 


136 


52% 


250 


229 92% 




300 


208 


69% 


300 


202 67% 




280 


177 


53% 


290 


238 82% 




360 


205 


57% 


350 


300 86% 




320 


218 


68% 


390 


289 74% 




380 


217 


57% 


320 


270 84% 






Means 


61.0% 




80.8% 



As shown m labie the yield ol islets per gram pancreas 
was 37692*1233, 34513±1307 and 29,442±1119, after 1, 3 
and 7 days of culture, respectively. Following cryopreser- 



EXAMPLE 5 

Response of Diabetic Sprague Dawley Rats to the 
30 Transplantation of Islets from Piglet Donors 

(Discordant Xenografts) 

The rats were made diabetic by means of a single i.v. 
injection of 55 mg/kg of streptozotocin. They were grafted 
only if the blood sugar was equal to or more than 400 mg/dl. 
35 Following transplantation the rats were placed individually 
in metabolic cages and urine volume, urine glucose content, 
and body weights were measured at daily intervals. Blood 
glucose levels were done at weekly intervals. A rat is 
considered cured of diabetes if the blood glucose level is 160 
40 mg/dl or less and/or the daily urine volume is 15 ml or less. 
The results are illustrated in FIGS. 10 and 11. 
FIG. 10 shows the effect of transplantation of piglet islets 
and Sertoli cells underneath the renal capsule on the mean 
daily urine output of seven grafted female rat recipients. 
45 Each bar represents the mean daily urine output over a 
ten-day period following transplantation. The study has been 
conducted over an 80-day period, the bar on the furthest 

right thus showing the m ean urine output per day from day 

80 through 89, etc. 

The figure shows that the mean daily urine volume for the 



vation and thawing and reculturing of the cells in the 
presence of Sertoli cells approximately 20% of the cells 
were damaged or lost as shown in Table 6. Thus ±24,000 
islets/gram of piglet pancreas were available for transplant 
purposes after cryopreservation and thawing. 

The results showed that insulin secretion was blunted 
when glucose was used as insulin secretagogue prior to 
cryopreservation. The effect was more evident following 
cryopreservation and thawing. While the presence of Sertoli 
cells had marked effects on number of islets that survived 
cryopreservation and thawing their presence had little effect 
on the ability of the islets to respond to a low glucose 
concentration as insulin releasing agent. However, as shown 
in Example 8 the presence of Sertoli cells augmented the 
secretion of insulin in the presence of high glucose concen- 
trations and glucose plus Forskolin. 



first 60 days varied between 19.7 mis and 27 mis or within 

a diabetic range. It can be readily appreciated that urine 

volumes decreased to near-normal levels only from days 70 
55 through day 89. The corresponding plasma glucose levels 

during the first and last ten day periods were 474+46 and 

155+70, mg/dl, respectively. 
These results indicate that following transplantation with 

piglet islets and Sertoli cells the rats showed evidence of 
60 survival of the grafted islets. The reversal to normoglycemia 

took about 80 days. 

It should be noted that one of the cured rats is pregnant 

and has been normoglycemic throughout her pregnancy. 
FIG. 11 shows the effect of the transplantation of piglet 
65 islets and Sertoli cells underneath the skin on the mean daily 

urine volumes of three rats over a 50 day period. The results 

show that the mean urine volume decreased from a mean of 
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26 



41.7 ml during the first 10-day period to an average of 12.3 
mis during the fifth week. The corresponding glucose levels 
were 509+45, and 200±12, mg/dl, respectively. 

The data depicted above demonstrate that both the renal 
subcapsular space and the subcutaneous area can be used as 5 
a site to create an immunologically privileged site for the 
transplantation of islet xenografts. 

EXAMPLE 6 

This study determined the effect of cultured Sertoli cells jrj 
on the survival of discordant islet xenografts in diabetic rats 
with minimal early exogenous immunosuppression. 
Preparation of Islets 

Neonatal piglets of less than seven days of age were killed 
by anesthesia and islets were isolated according to a method 15 
of Kuo C. Y., Burghen G. A., Myvacle A. and Herrod H. G. 
(1994) "Isolation of islets from neonatal pig pancreatic 
tissue", J. Tissue Culture Methods, 16: 1-7. Briefly, the 
pancreas was distended by an injection of a collagenase 
solution, 2 mg/ml, collagenase type XI, in culture medium 
DMEM. After incubation at 39° C. for 17 min, the digested 20 
fragments were washed by centrifugation and the digested 
tissue was then incubated for one week in medium 199 
supplemented with 10% horse serum and 1% antibiotics at 
32° C. The islets were then cryopreserved according to the 
method by Lakey J. R. T, Warnock G. L., Kneteman N. M., 25 
Ao Z., Rajotte R. V. (1994) "Effects of precryopreservation 
culture on human islet recovery and in vitro function", 
Transplant Proc, 26:820 and stored in liquid nitrogen at 
-196° C. Three days prior to transplantation the cryopre- 
served islets were rapidly thawed and cultured at 32° C. for 30 
two days. One day prior to transplantation some of the islets 
were collected and co-cultured with Sertoli cells for 24 
hours. 

Sertoli cell isolation 

Testes of young S-D rats were removed and Sertoli cells 35 
were isolated by the method of Cheng C. Y. and Bardin C. 
W. (1987) "Identification of two testosteroneresponsive pro- 
teins in Sertoli cell-enriched culture medium whose secre- 
tion is suppressed by cells of the intact seminiferous tubule." 
J. Biol. Chem., 262:12768-12779. Briefly, the testes were 
digested first in DMEM containing 1.0% trypsin, and then is 40 
DMEM containing 1.0% collagenase, type 1, for periods of 
15 min each, at 37° C. The purified Sertoli cells were 
cultured at 37° C. in DMEM/F12 supplemented with 
transferrin, 10 ug/ml, FSH 10 ng/ml, insulin 20 ug/ml and 
1.0% FCS, for three days. For transplantation, Sertoli cells 45 
and islets were pooled and rats were grafted with either a 
composite consisting of 5x10 s Sertoli cells and 3,000 islets, 

nr with islp.rs alnnp. (1 5 islets/g nf hnHy wp.ight) 



Posttransplantation evaluation of rats 

Plasma glucose levels were obtained at weekly intervals. 
Twenty four hour urine volumes and urine glucose contents 
were recorded daily. A rat was considered cured of the 
diabetic process if the following criteria applied: A plasma 
glucose level of equal to or less than 10 mmol/L, a 24-hour 
urine volume of less than 15 ml, and immediate reversal to 
hyperglycemia following surgical removal of the grafted 
kidney. One normoglycemic rat was mated on day 69 to test 
her ability to become pregnant. 
Structural analysis of the grafted tissue 

Two normoglycemic rats were nephrectomized on days 
117 and 330 and grafted tissue prepared for light and 
electron microscopy. Selawry H. P., Cameron D. F. (1992) 
"Sertoli cell-enriched fractions in successful islet cell- 
transplantation", Cell Trans., 2:123-129. Briefly, tissue 
wedges were immersion-fixed with 5% glutaraldehyde in 
0.1 M collidine buffer for 1 h., washed in buffer, and 
postfixed for 1 h with 1% osmium tetroxide in 0.1 M buffer. 
Small tissue blocks were cut from the wedges, and dehy- 
drated through a graded series of ethyl alcohols, transferred 
to propylene oxide, and embedded in Epon 812/Araldite 
plastic resin. Thick (0.5 um) and thin (900 ng) sections were 
stained routinely with toluidine blue and urinal acetate/lead 
citrate, respectively, for structural analysis by light and 
electron microscopy. 

The results of the effect of Sertoli cells and cyclosporine 
on survival of xenographic transplantation of pig islet cells 
into the renal subcapsular space of diabetic female rats are 
shown in Table 7. 

TABLE 7 



Group 


Sertoli 


Graft Survival 


(n) 


Cells 


CsA (days) 


1(8) 




0, 0, 0, 0, 0, 0, 0, 0 


2(8) 




0, 0, 0, 0, 0, 0, 0, 0 


3(15) 




+ 0, 0, 0, 0, 0, 71, 77, 96, 111* 






148#, >154, >165, >327, 330* 



*rats nephrectomized to remove the xenograft 
#rat died during a cardiac puncture 

As shown in Table 7, none of the rats grafted with islets 
alone and then given CsA and low-dose insulin (Group 1) 
became significantly less hyperglycemic. Further, none of 
the rats grafted with a composite of islets and Sertoli cells, 
but without CsA, showed any improvement of hyperglyce- 
mia (Group 2). Of 15 rats grafted with islets and Sertoli cells 
and then given CsA (Group 3), 10 showed evidence of 
reversal of the diabetic state. Four of the ten are still 
no r moglycemic for p e riods of more th a n 154, 165, 165, and 



Transplantation of rats 

Female S-D rats, weighing between 170 and 200 g were 50 
made diabetic by means of a single i.v, injection of 60 mg/kg 



327 days, respectively. The normoglycemic rats who were 
nephrectomized on days 117 and 330, became hyperglyce- 
mic immediately. Their plasma glucose levels were 4 .9 



of streptozotocin. A total of 31 diabetic rats were divided 
into 3 groups and grafted as follows: Group 1, a control 
group (n=8), received a total of 15 islets/g body weight 
injected underneath the renal capsule. No Sertoli cells were 
grafted. Following transplantation the rats were treated with 
cyclosporine for 55 days: 25 mg/kg for 3 days, 15 mg/kg for 
10 days, 10 mg/kg for 10 days and 5 mg/kg for the following 
32 days. Immunosuppression was then stopped. Each rat 
received, in addition, 1-3 U of Ultralente insulin at daily 
intervals if the 24-hour urine glucose content exceeded I g. 60 
Insulin therapy was stopped on day 55. Group 1, a tissue 
control group (n=8), was given a renal, subcapsular injection 
of a composite of about 5x106 Sertoli cells and 3,000 islets. 
No CsA was given. Insulin was given as depicted above. 
Group 3, the experimental group (n=15), was transplanted 65 
with both Sertoli cells and islets and then treated with CsA 
and insulin according to the schedule outlined above. 



mmol/L, and 8.2 mmol/L, prior to, and 20.7 mmol/L, and 
32.2 mmol/L, respectively, following nephrectomy. A 
female rat who was mated on day 69 became pregnant and 
delivered a total of 10 pups on day 89, all of whom she 
nursed successfully while remaining normoglycemic. She 
died on day 148 as a result of a cardiac puncture. Three of 
10 rats regressed into hyperglycemia on days 71, 77, and 96, 
respectively, after a short period of euglycemia. 

These results demonstrate that prolonged survival of a 
discordant islet xenograft (pig to rat) can be achieved in 
female diabetic rats. Survival of islet xenografts depended 
upon two factors which had to be administered concomi- 
tantly: Co-transplantation with Sertoli cells and treatment 
with cyclosporine. 

The response of total urine volumes following transplan- 
tation with a composite of pig islet and rat Sertoli cells 
measured at 10-day intervals over an 80 day period for 7 of 
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the improved rats showed an average daily urine volume of 
27.0±13.0 ml/rat during the first 10-day period, which 
slowly declined to a mean of 12.0±4.0 ml/rat, 70 days 
following transplantation. 

Tissue morphology studies shown in FIG. 12 show that s 
the tissue and cellular structure of kidney parenchyma 
appeared normal in the rat nephrectomized 117 days fol- 
lowing transplantation. Normal appearing islets with struc- 
turally distinct B-cells were visible in well vascularized 
areas subjacent to the kidney capsule. Additionally, normal w 
appearing Sertoli cells were observed adjacent to the trans- 
planted islets along with numerous lymphocytes. No plasma 
cells were identified at the transplantation site. Viable endo- 
crine cells were similarly observed in the subcapsular renal 
space of the rat nephrectomized 330 days following trans- 
plantation. 15 

These studies show that significant prolongation of sur- 
vival of a discordant islet xenograft can be achieved without 
sustained immunosuppression. These studies demonstrate 
that the mechanism by which Sertoli cells promote islet 
xenograft survival is three-fold: (1) Sertoli cells stimulate 20 
the recovery of islets damaged during transplantation (i.e. 
improve the yield and function of cultured islets), (2) Sertoli 
cells protect grafted islets from immunologic rejection by 
producing factors which strongly suppress proliferation of 
T-cells, and (3) Sertoli cells protect grafted islets from the 25 
toxic effects of cyclosporin. 

EXAMPLE 7 

This study shows a method of isolating and cryopreserv- 30 
ing porcine pancreatic islets for future xenographic trans- 
plants in mammals. 

Male piglets, <7 days old and weighing 2± kg were used 
as donors. The pancreases, weighing 1.4+0.3 g, were har- 
vested and injected with DMEM solution containing 2 35 
mg/ml collagenase XI. The distended pancreas was incu- 
bated in a shaking water bath at 39° C. for 17 min. The 
digested tissue was filtered through a 500 /mi stainless steal 
filter and filtrates were washedx3 with cold DMEM. Without 
further purification the cells were cultured in M199 and 10% 
horse serum at 32° C. for 7 days. The islet cells were then 
cryopreserved using standard procedures. At specified inter- 
vals islets were thawed and cultured in M199, both in 
presence, and isolated from testes of male piglets according 
to a standard method. 



To test functional capacity, islets cultured for 3 and 7 days 
were assessed for insulin release in static incubation. In 
separate experiments, effect of insulin secretagogues was 
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TABLE 8-continued 



Effect of Insulin Secretagogues, 
Glucose and Glucose Plus Forskolin, 
on Insulin Release From Incubated and 
Frozen/Thawed (F/T) Islets in the Presence 







Insulin R 


elease fuU/ml/10 islets') 




3.3 mmol/L 


16.7 mmol/L 


16.7 mmol/L glucose 








+100 umol Forskolin 


Day 7 


22.9 ± 1.9 


64.5 ± 6.4*# 


153.9 ± 14.6** 


Incubated with 








Sertoli cells 








Day 7 


21.3 ± 1.2 


37.3 ± 6.0* 


120.3 ± 11.4** 


Incubated 








alone 

Day 3 FAT with 


20.6 ± 4.3 


44.9 ± 9.9* 


77.1 ± 13.7** 


Sertoli cells 








Day 3 F/T 


11.7 ± 2.3 


27.9 ± 6.6* 


54.5 ± 10.7** 


alone 









Effect of Sertoli cells on insulin content of incubated and 
frozen-thawed piglet islets. 
Insulin content fuU/10 isletCs) 



Islets & Sertoli cells 



Incubated Dl 


257.0 


± 19.6 


391.1 ± 51.4* 


Incubated D3 


201.1 


* 19.1# 


400.1 ± 41.0*# 


Incubated D7 


179.1 


± 26.2# 


271.9 ± 39.9*# 


Frozen D3/Thaw D3 


52.4i 


:10.3 


132.5 ± 35.1 . 


Frozen D7/Thaw D3 


10.4 i 


:0.9 


35.1 + 8.2 


Anova *islets +Sertoli cell ' 


vs. islet 


alone- P < 


0.05 



fflncubated islets D3, D7 vs. Frozen D3, D7 P < 0.05 



These results show that: (1) large numbers of neonatal 
porcine islets can be isolated by a simple method; (2) 
40 cryopreservation and thawing results in about 40% loss in 
number of islets in the absence of Sertoli cells and about a 
20% loss in the presence of Sertoli cells; (3) cultured islets 
have the ability to respond to both glucose and glucose+ 
Forskolin as insulin secretagogues; (4) the functional capac- 
45 ity of the cocultured islet was enhanced two-fold in the 
presence of Sertoli cells; (5) following cryopreservation and 
thawing, islets recover more rapidly in presence of Sertoli 
cells and the response to both glucose and glucose+ 



tested on islets cultured with and without Sertoli cells. The 
results of this study are shown in Tables 8 and 9. 



Forskolin was enhanced two fold in the presence of Sertoli 
cells. 



TABLE 8 



Effect of Insulin Secretagogues, 
Glucose and Glucose Plus Forskolin, 
on Insulin Release From Incubated and 
Frozen/Thawed (F/T) Islets in the Presence 
and Absence of Pig Sertoli Cells 

Insulin Release (uU/ml/10 islets') 



3.3 mmol/L 16.7 mmol/L 



16.7 mmol/L glucose 
+100 umol Forskolin 



Day 3 42.3 : 

Incubated with 

Sertoli cells 

Day 3 31.3 a 

Incubated 

alone 



1.2 112.8 ± 17.7*# 267.7 ± 43.0"# 



2.1 57.3 i 3.8* 



EXAMPLE 8 

This example describes a method of treating genetic 
diabetes which is demonstrated using the animal model 

55 NOD (non-Obese Diabetic). 

Genetic diabetic mice (NOD) are recipients of pancreatic 
islet xenografts. Diabetic mice are selected from the colony 
of NOD mice maintained at the University of Tennessee 
Medical Center. The current incidence of diabetes in this 

60 colony is 80% for females and 63% of males by 25 weeks 
of age. Animals are considered diabetic if they have two 
consecutive weekly urine glucose readings of Vi% (3+) and 
a confirmatory plasma glucose greater than 400 mg/dl. Three 
to ten days before transplantation of the graft, the animals 

65 receive appropriate insulin to stabilize their health. Diabetic 
animals are randomly divided into two groups. All animals 
in these two groups receive 0.3 mg of the antiCD4 antibody, 



5,958,404 

29 30 

GK1.5 on days -1, 0 and 1 to initiate immunosuppression. to usage. Sertoli cells are isolated from weanling male 

Maintenance immunosuppression with GK1.5 cyclosporine Fischer rats and are incubated for approximately four days 

A, FK506, cyclophosphamide, rapamycin, nicotinamide or to confluency in Petri dishes at 37° C. 

15-deoxyspergualin may be required. After four days of incubation, the islets are counted and 

Porcine pancreatic islets for transplantation are prepared 5 groups of 50 islets are transferred to 24 well Petri dishes, 

as described in Example 6 except that they are not cryopre- Sertoli cells are removed from Petri dishes with Sigma 

served. Nicotinamide (10 mM) or IGF-1 may be added to the non-enzymatic media. The Sertoli cells are washed and 

incubation medium prior to transplantation. Porcine Sertoli counted. 

cells for transplant are prepared as described in Example 6. Three experimental groups are then established as fol- 

Cyclosporine may be included in the culture medium during 10 lows: Group 1: 12-well Petri dishes, each well containing 50 

the first four incubation days prior to transplantation. islets; Group 2: 12-well Petri dishes, each well containing a 

One group of the diabetic NOD mice receive 3,000 total of lxl ° 4 Sertoli cells; and Grou P 3: 12-well Petri 

porcine islets in 25 fA of Hank's buffered salt solution dishes, each well containing 50 islets, plus lxlO 4 Sertoli 

(HBSS) under the right renal capsule followed by an injec- cells - ^ Petri dishes are incubated at 37° C. for 24 hours 

tion of 2xl0 7 pig Sertoli cells in 25 [il in HBSS under the 15 t0 P ermit Sertoli cells to attach t0 isle,s - 

same renal capsule. A second group of mice receive a Microencapsulation of Islets and Sertoli Cells 

transplant consisting of only the porcine islet cells. Animals Islets > Sertoli cells and islets plus Sertoli cells are encap- 

with xenografts continue to receive daily insulin injections; sulated by suspension in a solution of sodium alginate which 

the amount determined by the concentration of glucose in fe s P ra y ed mt0 a di sh of calcium chloride using a droplet 

the animals urine and plasma. Mice with plasma glucose 20 forming device according to the method of Lim et al. (1980 

levels less than 250 mg/dl are considered cured and no Science 210:908-910, the contents of which is incorporated 

additional insulin administered. b y reference. The droplets are coated with a layer of poly- 

A majority of mice receiving porcine sertoli cells and K> J il , h forage size of 20 kDa at a concen- 

porcine pancreatic islets attain normal urine and plasma Nation of 0.05% (w/v) and a reaction time of 6 t 

glucose levels (xenograft acceptors). In contrast, the major- 25 a 3 ccordln S l ° *f of Goosen e j a \^ 85 \ B ^chnoL 

ity of mice receiving porcine islets alone exhibit graft failure Bl0e °S- 27:14 A 6 " 15 °'. the C ° ntmt * ° f wh i cl \ 1S inc <fP° rated 

and do not attain normal glucose levels in the urine or by reference ^ additonal onto kyer of sofa™ a^te is 

nlasma added around the capsule accordmg to the method of O Shea 

P ' et al. (1984) Biochim. Biophys. Acta 804:133-136, incor- 

EXAMPLE 9 30 porated herein by reference. Alternatively, isolated cells may 

™. , , . r be encapsulated according to the methodology of Weber et 

This example shows a method of monitoring the immune , ITC „ . - r . " . , f 

.. , . , „ , , , . & al. U.S. Pat. No. 5,227,298, incorporated herein by refer- 
response elicited against cellular transplants. „ „ . ' ' : r ■ ' . 
v b r ence. Following encapsulation, the cells are divided into 
Total spleen leukocytes are isolated from mice by meth- tre atment groups. Group 1: Free islets, not encapsulated, 
ods known in the art from mice that have rejected their 35 Group 2: Islets alone> encapsulated) Group 3: Sertoli cells 
porcine islet xenografts. In preliminary experiments these alone> encapsulated, and Group 4: Islets plus Sertoli cells 
leukocytes are administered to NOD/scid mice (NOD mice encapsulat ed. Encapsulated cells are placed in media con- 
that in addition have genetic immunodeficiency) with sue- vent ionally selected by the skilled artisan at 37° C. 
cessful pig islet xenografts. The leukocytes cause rejection In y itro Encapsulation 

of the xenograft. 40 At spec if, e d intervals following encapsulation, i.e., 1, 7, 

Plastic adherence (to deplete macrophages), nylon wool u, 21 and 30 days respectively, following incubation, 

adherence (to deplete non-T lymphocytes), or specific anti- functionality of the groups containing islets are examined, 

bodies (anti-CD4, anti-CD8, anti-F4/80, anti-B220) are used Approximately 10 capsules from each of the islet containing 

to deplete the total splenocyte preparations of certain classes groups are stimulated, in tandem, by a buffered medium 

of leukocytes. The class-depleted leukocyte preparations are 45 containing glucose 9 mmol/L, glucose at 16.7 mmol/L, and 

injected into the NOD/scid mice with successful pig islet Forskolin at 10 mM for 30 minutes, in a water bath at 37° 

xenografts to determine which leukocyte class is necessary Q The perfusate is collected and insulin is assayed using a 

and sufficient to cause xenograft rejection. commercially available kit (e.g., Linco insxilin kit). Insulin 

Spleen leukocytes are isolated by conventional methods content of free encapsulated islets and islets encapsulated 

known in the art from mice (xenograft acceptor of Example 50 with Sertoli cells is further examined via an acid-ethanol 

8) that have accepted their pig islet xenografts. These extract of said ca p su l es and assayed for insulin content using 

leukocytes are administered to NOC/scid mice with sue- a commercially available kit (e.g. Linco insulin kit), 

cessful pig islet xenografts. The leukocytes do not cause In Vivo Encapsulation 

rejection of the xenograft. Combining the appropriate Female Wistar-Furth rats are made diabetic by means of 

leukocyte-depleted preparation that causes rejection with 55 a single i.v. injection of streptozotocin. A total of 32 diabetic 

leukocytes from a xenograft acceptor of Example 8 (50/50 rats are divided into four groups and treated as follows: 

mixture) and administering the mixed cell population to Group 1, a control group (n=8), will receive an intraperito- 

NOD/scid xenograft recipients (adoptive transfer) allows neal injection of at least 10 capsules containing Sertoli cells 

determination of whether so-called suppressor lymphocytes alone; Group 2 (n=8) will receive an intraperitoneal injec- 

are preventing xenograft rejection in xenograft acceptors. 60 tion of 10 islets/g of free, non-encapsulated islets; Group 3 

BYAivtPT c in ( n=8 ) w iU receive an i.p. injection of 10 islets/g of encap- 

bXAMFLb 1U sulated islets alone; Group 4, (n=8) will receive 10 islets/g 

This example provides a method of encapsulation of of co-encapsulated islets plus Sertoli cells. No group will 

Sertoli cells with islets for transplantation. receive any immunosuppression following transplantation. 

Preparation of Islets and Sertoli Cell Isolation 65 All rats are closely monitored via daily plasma glucose 

Islets are isolated from female Fischer rats and are incu- levels for the first week post-transplantation, and then at 

bated in CMRL medium for approximately four days prior weekly intervals thereafter. 
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Rats are considered cured of diabetes if they exhibit a 
blood glucose level less than or equal to 170 mg/dl with 
concomitant steady increases in body weight. 

EXAMPLE 11 
This example describes a method of immortalizing Sertoli 
cells using a temperature-sensitive mutant of the SV40 
virus. 

Sertoli cells are isolated from sexually mature (120 days) 
rats according to the method of Wright et al. (1989) Ann. NY 
Acad. Sci. 564:173-185. The testes are removed and the 10 
tubules are resuspended in DMEM F-12 (DMEM/F12: Life 
Technologies, Inc., Grand Island, N.Y.) containing 1 mg/ml 
collagenase (Worthington, Freehold, N.J.), 2mg/ml hyalu- 
ronidase (Sigma, St. Louis, Mo.), 0.3 mg/ml DNase 
(Sigma), and 65 ug/ml soybean trypsin inhibitor (Sigma), is 
and are incubated for 25 min at 32° C. with gentle shaking. 
The incubation is repeated and the tubules are washed in 
F12/DMEM and digested in an enzyme solution including 1 
mg/ml collagenase/dipase (Boehringer-Mannheim, 
Indianapolis, Ind.) in lieu of collagenase. The tubules are 20 
recovered and further broken up by gentle pipetting with a 
Pasteur pipette. The digestion mixture is filtered through a 
nylon mesh to remove clumps of undispersed Sertoli cells. 
The Sertoli cells are then sedimented at unit gravity yielding 
a 95% pure population of adult Sertoli cells. , 5 
Two 25-cm 2 fiasks are seeded with Sertoli cells at a " 
density of 5x10 s cells per plate. These flasks are incubated 
with SV40 virus mutant tsA255 for 3 h. The virus- 
containing medium is removed, and the cells are incubated 
at 33° C. in F12/DMEM supplemented with 4% fetal bovine 
serum (FBS). Foci of transformed cells are visible at 6 30 
weeks after infection. Each individual focus is isolated with 
sterile metal rings, the cells are isolated from the plate with 
trypsin EDTA, and the cell suspensions are replated in 
25-cm 2 flasks. Aliquots of cells from each focus are cultured 
at 33° C. or 40° C. for two days. At the end of this culture 35 
period, the cells are collected and total RNA is isolated for 
Northern blot analysis according to the methodology of 
Roberts, et al. (1992) Biol. Reprod. 47:92-96, incorporated 
herein by reference. Sertoli cells are selected for cloning on 
the basis of the inducible expression of mRNAs encoding 40 
Sertoli cell-secreted proteins according to the methods of 
Roberts, et al. (1995) Biol. Reprod. 53:1446-1453, incor- 
porated herein by reference. Clonal cells are cultured in 
DMEM/F12 Plus 4% FBS, supplemented with 1% 
antibiotic-antimycotic. The cells are then seeded and 45 
allowed to attach at 33° C. for at least 24 hours. Clonal cells 
are collected by washing the plates twice with Hanks 
b a l a nced s a lt solution followe d by a brief incub a tion with 



trypsin/EDTA. 

What is claimed is: 50 

1. A method of treating a disease that results f r om a 

deficiency of a biological factor in a mammal wherein said 
method comprises administering Sertoli cells obtained from 
a cell line and a therapeutically effective amount of cells that 
produce said biological factor to a mammal in need of such 55 
treatment, wherein said Sertoli cells are administered in an 
amount effective to create an immunologically privileged 
site. 

2. The method of claim 1 wherein said mammal is a 
human. 60 

3. The method of claim 1 wherein said biological factor is 
a hormone. 

4. The method of claim 1 wherein said biological factor is 
insulin and said disease is diabetes mellitus. 

5. The method of claim 4 wherein said cells that produce 65 
said biological factor are pancreatic islet of Langerhans 
cells. 



6. The method of claim 1 wherein said cells that produce 
said biological factor are cells transformed by a nucleic acid 
encoding said biological factor. 

7. The method of claim 1 wherein said administering is by 
transplantation. 

8. The method of claim 1 wherein said Sertoli cells are 
administered in a dosage ranging from 10 5 to 10 10 cells. 

9. The method of claim 1 wherein said cells that produce 
said biological factor are administered in a dosage of from 
10 5 to 10 10 cells. 

10. The method of claim 7 wherein said transplantation is 
by xenograft. 

11. The method of claim 7 wherein said transplantation is 
by allograft. 

12. The method of claim 1 which further comprises 
administering an immunosuppressive agent. 

13. The method of claim 12 wherein said immunosup- 
pressive agent is administered for a time sufficient to permit 
said transplanted cells to be functional. 

14. The method of claim 12 wherein said immunosup- 
pressive agent is cyclosporine. 

15. The method of claim 14 wherein said cyclosporine is 
administered at a dosage of from 5 to 40 mg/kg body wt. 

16. The method of claim 1 which further comprises 
administering a therapeutically effective amount of exog- 
enous biological factor following the transplantation of said 
cells that produce said biological factor. 

17. The method of claim 1 wherein said cells that produce 
said biological factor are co-cultured with Sertoli cells in 
tissue culture. 

18. The method of claim 17 wherein said cells that 
produce said biological factor are cryopreserved prior to 
co-culturing with Sertoli cells in tissue culture. 

19. The method of claim 1 wherein said Sertoli cells are 
obtained by the steps comprising: 

(a) isolating mammalian Sertoli cells from mammalian 
tissue; 

(b) incubating said isolated mammalian Sertoli cells with 
virus producing cells under conditions sufficient to 
transform said Sertoli cells; and 

(c) isolating said transformed cells from the virus pro- 
ducing cells. 

20. The method of claim 1 wherein said Sertoli cells are 
obtained by the steps comprising: 

(a) isolating mammalian Sertoli cells from mammalian 
tissue; 

(b) incubating said isolated mammalian Sertoli cells with 



a mutagen under conditions sufficient to transform said 
Sertoli cells; and 
— (c) collecting said t r ansformed Sertoli cells. 

21. The method of claim 19, wherein said vims producing 
cells are SV40 or polyoma virus. 

22. A method of treating diabetes mellitus in a mammal 
wherein said method comprises administering to a diabetic 
mammal Sertoli cells obtained from a cell line in an amount 
effective to create an immunologically privileged site and a 
therapeutically effective amount of pancreatic islet of 
Langerhans cells. 

23. The method of claim 22 wherein said diabetes mellitus 
is type I or type II. 

24. The method of claim 22 wherein said mammal is a 
human. 

25. The method of claim 22 wherein said Sertoli cells are 
human, bovine or porcine. 

26. The method of claim 22 wherein said pancreatic islet 
of Langerhans cells are human, bovine or porcine. 
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27. The method of claim 22 wherein said administering is 41. The method of claim 40 wherein said Sertoli cells are 
by transplantation. administered in a dosage ranging from 10 3 to 10 10 cells. 

28. The method of claim 27 wherein said transplantation 42. The method of claim 40 wherein said Sertoli cells are 
is by injection into the renal subcapsular space. obtained by the steps comprising: 

29. The method of claim 27 wherein said transplantation 5 ( a ) isolating mammalian Sertoli cells from mammalian 
is by injection into the subcutaneous facie. tissue' 

30. The method of claim 22 wherein said Sertoli cells are • ... • , , , ,. „ . ,. 

. r .„< ..in „ (b) incubating said isolated mammalian Sertoli cells with 

administered at a dosage ranging from lCr to 10 10 cells. v ' ■ f • n j jv a= ■ < < 

11 Tu .u' j £ f • -J? t. • • j ■ i . r t Vlms producmg cells under conditions sufficient to 

31. The method of claim 22 wherein said islet of Langer- t f ■■,% , ,. „ , 
, j ■ j ■ i- c transform said Sertoli cells; and 
hans cells are administered at a dosage rangmg from 5-1000 10 

islet cells/g body wt. v c ) collecting said transformed Sertoli cells from the virus 

32. The method of claim 22 which further comprises the P™ ducin S cell \. . „ 

administration of an immunosuppressive agent. 43 ' The method of claml 40 wherem said Sertoli cells are 

33. The method of claim 32 wherein said immunosup- obtained by the steps composing: 

pressive agent is administered for a time sufficient to permit 15 ( a ) isolating mammalian Sertoli cells from mammalian 

the transplanted islets to be functional. tissue; 

34. The method of claim 32 wherein said immunosup- (b) incubating said isolated mammalian Sertoli cells with 
pressive agent is cyclosporine. a mutagen under conditions sufficient to transform said 

35. The method of claim 32 wherein said cyclosporine is Sertoli cells; and 

administered at a dosage of 5 to 40 mg/kg body wt. 20 ( c ) isolating said transformed Sertoli cells. 

36. The method of claim 22 which further comprises 44. ^ method of claim 42 wherein said virus producing 
administering a therapeutically effective amount of insulin ce Us are SV40 or polyoma virus. 

following transplantation of said pancreatic islet of Langer- 45 . A met hod of enhancing the recovery and proliferation 

hans cells. 0 f ex v j vo ce jjg comprising co-culturing said cells with 

37. The method of claim 22 wherein said Sertoli cells are 25 Sertoli cells for a time and under conditions sufficient to 
obtained by the steps comprising: achieve said enhanced recovery and proliferation. 

(a) isolating mammalian Sertoli cells from mammalian 46. A method of enhancing the recovery and proliferation 
tissue; of ex vivo cells comprising culturing said cells in a tissue 

(b) incubating said isolated mammalian Sertoli cells with culture medium containing Sertoli cells for a time and under 
virus producing cells under conditions sufficient to 30 conditions sufficient to achieve said enhanced recovery and 
transform said Sertoli cells; and proliferation. 

(c) isolating said transformed Sertoli cells from the virus 47 : A method of treating a disease that results from a 
producing cell deficiency of a' biological factor in a mammal wherein said 

38. The method of claim 22 wherein said Sertoli cells are « method com P rises administering Sertoli cells and a thera- 
obtained by the steps comprising: peutically effective amount of cells that produce said bio- 

z x . , .. 1- o • i- 11 r i- logical factor to a mammal in need of such treatment, 

(a) isolating mammalian Sertoli cells from mammalian f ■ • , 0 t ,. „ , . . . , . ' 
tissue- wherein said Sertoli cells are administered in an amount 

' effective to create an immunologically privileged site; and 

(b) incubating said isolated mammalian Sertoli cells with wherein said Sertoli cells and said cells that produce a 
a mutagen under conditions sufficient to transform said 40 biological factor are co-localized. 

Sertoli cells; and 48 met hod of claim 47 wherein said biological factor 

(c) collecting said transformed Sertoli cells. producmg cells are co-localized by co-encapsulation. 

39. The method of claim 37 wherein said virus producing 49. The method of claim 47 or 48 wherein said disease is 
cells are SV40 or polyoma virus. diabetes mellitus and said biological factor producing cells 

40. A method of treating an autoimmune disease in a 45 are islet of Langerhans cells. 

mammal wherein said method comprises transplanting in to 50. The method of claim 19, 20, 37, 38, 42 or 43 wherein 

said mammal a therapeutically effective amount of isolated said transformed Sertoli cells are screened for expression of 

Sertoli cells obtained from a cell line to a transplant site in an appropriate isolate for cloning. 

said mammal having said autoimmune disease, wherein said 

site is other than testes. ***** 
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